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Abstract

Background: GPS alarms aim to support users in independent activities. Previous systematic reviews have reported a lack of
clear evidence of the effectiveness of GPS alarmsfor the health and welfare of usersand their familiesand for social care provision.
AsGPSdevicesare currently being implemented in social care, it isimportant to investigate whether the evidence of their clinical
effectiveness remains insufficient. Standardized evidence frameworks have been devel oped to ensure that new technologies are
clinicaly effective and offer economic value. The frameworks for analyzing existing evidence of the clinical effectiveness of
GPS devices can be used to identify the risks associated with their implementation and demonstrate key aspects of successful
piloting or implementation.

Objective: The principal aim of this study is to provide an up-to-date systematic review of evidence based on existing studies
of the effects of GPS alarms on health, welfare, and social provision in the care of older adults compared with non—GPS-based
standard care. In addition, the study findings were assessed by using the evidence standards framework for digital health technologies
(DHTYs) established by the National Institute for Health and Care Excellence (NICE) in the United Kingdom.

Methods: This review was conducted according to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. Primary studies published in peer-reviewed journals and gray literature from January 2005 to August
2020 were identified through searches in 13 databases and severa sources of gray literature. Included studies had individuals
(aged =50 years) who werereceiving socia carefor older adultsor for personswith dementia; used GPS devices as an intervention;
were performed in Canada, the United States, European Union, Singapore, Australia, New Zealand, Hong Kong, South Korea,
or Japan; and addressed quantitative outcomes related to health, welfare, and socia care. The study findings were analyzed by
using the NICE framework requirements for active monitoring DHTS.

Results: Of the screened records, 1.6% (16/986) were included. Following the standards of the NICE framework, practice
evidence was identified for the tier 1 categories Relevance to current pathways in health/social care system and Acceptability
with users, and minimum evidence was identified for the tier 1 category Credibility with health, social care professionals.
However, several evidence categories for tiers 1 and 2 could not be assessed, and no clear evidence demonstrating effectiveness
could be identified. Thus, the evidence required for using DHTs to track patient location according to the NICE framework was
insufficient.
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Conclusions: Evidence of the beneficial effects of GPS alarms on the health and welfare of older adults and social care provision
remains insufficient. This review illustrated the application of the NICE framework in analyses of evidence, demonstrated
successful piloting and acceptability with users of GPS devices, and identified implications for future research.

(J Med Internet Res 2021;23(10):€27267) doi: 10.2196/27267
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Introduction

Background

Health and welfaretechnol ogies (HWTSs) are “technol ogy-based
interventions that aim at maintaining or promoting health,
well-being, quality of life (QoL) and/or increasing efficiency
inthe service delivery system of welfare, social and health care
services, whileimproving working conditions of the staff” [1].
This definition can be regarded as an integration of the
Scandinavian term wel fare technology [2] and the global concept
digital health [3], including a broader definition of health
according to the World Health Organization: “astate of complete
physical, mental and socia well-being and not merely the
absence of disease or infirmity.” GPS alarms are examples of
HWTs that aim to support users in independent activities of
daily living, both indoors and outdoors, something that is needed
by large groups of older adults who want to maintain
independent living in spite of cognitive impairments, for
example, persons with dementia in the early or middle stage.
Globally, approximately 50 million people have dementia, and
nearly 10 million new personsdevel op dementiaevery year [4].
The global population of personswith dementiais estimated to
increase to 82 million in 2030 and to 152 million in 2050 [4].

GPS solutions enable the user to send an alarm to home care,
family members, or both, either at home or outdoors. Theuser’'s
position can be localized through GPS coordinates when an
alarm is sent. GPS adarms may aso include a geofencing
function that automatically generatesan alarmif the user leaves
a predefined geographical area. A European overview has
identified ongoing implementation of GPS aarms in the
municipal care of older adultsin Sweden and Norway [5].

Research on the implementation of welfare technology in
Swedish municipalities hasidentified several barrierstoitsuse,
including lack of supporting evidence of the benefits and
positive outcomes [6]. Hence, evidence of positive outcomes
of GPS aarms can justify large-scale implementation and
confidence in their use.

When making implementation decisions, it is important to
consider what kind of evidence is needed to make an informed
decision. To date, there is no national Swedish evidence-based
framework to support decision-making processes related to
HWTs[7]. However, the Nationa Institute for Health and Care
Excellence (NICE) in the United Kingdom, together with
relevant stakeholders, has produced an evidence standards
framework for digital health technologies (DHTS) to ensure that
new technologies can demonstrate clinically effective and
economic valuein astructured and transparent manner [8]. The
framework classifies DHTsby function and thereby allowsthem
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to be stratified into evidence tiers based on the potential risk to
users. For example, DHTSs that track patient location can be
classified as active monitoring and thereby stratified into
evidence tier 3b in the framework. Good levels of evidence for
tier 3 DHTs include evidence of credibility with health and
social care professionals, relevance to current care pathwaysin
health care systems, acceptability with users, equalities
considerations in provision and use, accurate and reliable
measurements and transmission of data, reliable information
content, ongoing and planned continuous data collection to
follow up on the use and value of the DHT, quality and
safeguarding, and demonstration of its effectiveness according
to intended outcomes. The framework has been applied in
examples of case studies that demonstrate evidence of
effectiveness and economic value of a number of DHTSs [9].
These studies are based largely on information provided by the
devel opersthat has not been independently verified. Information
from studies published in peer-reviewed journals and in gray
literature can therefore strengthen the validity of evidence of
DHTSs.

Two previous scoping reviews of tracking technology in the
care of older adults conducted by Rghne et al [10] and Neubauer
et al [11] identified limited evidence in peer-reviewed scientific
studies for the effects of GPS use on health, quality, and
cost-efficiency among users and spouses and in the health and
welfare sector [10] as well as pointed out that further research
was needed to identify technol ogieswith high levels of evidence
for effectiveness and usability [11]. Moreover, a synthesizing
review of empirical evidence on the broader use of GPS
technol ogies by home-dwelling personswith dementiaand their
family caregivers (CGs), conducted by Bartlett et al [12], found
only nontrial evidence and demonstrated the lack of large-scale
studies. As GPS devices are currently being implemented in
social care, it isimportant to investigate whether the evidence
of their clinical effectivenessremainsinsufficient. By analyzing
existing evidence of GPS devices using an established
framework, the risks associated with their implementation and
conclusions from successful piloting or implementations can
be identified.

Objectives

Theaimsof thisreview areto (1) systematically update evidence
from existing studies of the effects of GPS alarmson the health,
welfare, and social provisioninreceiversof carefor older adults
compared with non—GPS-based standard care and (2) review
thefindings using an established evidence framework for DHTS.
Studies from both peer-reviewed journals and gray literature
were included, and the findings were compared with the NICE
evidence standards framework for DHTs [8]. The goa is to
assess the avail abl e evidence according to the desired evidence
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standards of an established framework to support
decision-making in future implementations of GPS-based
alarms.

Methods

Protocol and Registration

This systematic literature review was reported according to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines[13].

Textbox 1. Review elements.

Ehn et al

Eligibility Criteria
The elements of the review (aim, digibility criteria, and
outcomes) were defined as shown in Textbox 1.

Aim

«  Toconduct asystematic review of existing evidence of the effects of GPS alarms on the health, welfare, and social provision in the care of older

adults compared with standard non-GPS-based care

Inclusion criteria

o Original, peer-reviewed publications published between January 2005 and August 2020 in the English language
«  Studies performed in Canada, the United States, European Union, Australia, New Zealand, Singapore, Hong Kong, South Korea, or Japan

«  Population aged =50 years

«  GPS-based darm interventions enabled the users to initiate alarms, with or without localization and with or without geofencing functions

Exclusion criteria

« Qualitative studies, technical validations, proof-of-concept studies, system descriptions, reviews, and editorials

Outcomes

«  Outcomesrelated to the health and welfare of users and their informal caregivers, and outcomes related to provision in the care of older adults

Search Strategy

A three-step search strategy was used: (1) an initial search of
electronic peer-reviewed scientific publication databases; (2) a
search of gray literature databases, trial registers, and Google
Scholar; and (3) a search of gray literature from the Nordic
countries in targeted websites set up by authorities and
organizations, academic publication databases, and Google
Scholar. All three steps used a snowballing approach [14,15]
in which the articles that reached title-, abstract-, or full-text
screening of an initial database search were used in iterations
of both backward (reference search) and forward (citation
search) snowballing.

I nformation Sources and Sear ches

Summary and Complete Strategies

A summary of information sources and retrieved recordsfor al
the search steps is presented in Multimedia Appendix 1
[10,16-19]. The complete database-specific search strategies
for the initial searches of scientific and gray literature are
presented in Multimedia Appendix 2.

Scientific Literature

Theliterature search was completed on August 20, 2020, inthe
following electronic databases. Academic Search Elite, APA
PsycINFO, Applied Social Sciences Index & Abstracts,
CINAHL Plus, Cochrane Library, International Bibliography
of the Social Sciences, |IEEE Xplore, PubMed, Scopus,
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SocINDEX, Social Services Abstracts, Sociological Abstracts,
and Web of Science Core Collection. The search strategy
included both free-text and controlled vocabulary. The search
was limited to articles published in 2005 or later.

Gray Literature

A primary search in gray literature databases was conducted on
September 8 and 9, 2020. The databases searched included Base,
OpenGrey, OAlster, DART-Europe, ProQuest Dissertations &
Theses Global, WHO ICTRP, Clinical Trials.gov, International
HTA Database, and Google Scholar. The search strategy was
simplified and adapted to the search interface of gray literature
databases. Finally, a larger search for gray literature from the
Nordic countries was conducted by searching the websites of
government agencies and organizations working with health
and welfare issues. Publication databases from universities in
the Nordic countrieswere also searched including the databases
and websites of associations of local authorities and regionsin
the Nordic countries and Google Scholar. The searches were
conducted from September 22, 2020, to September 29, 2020,
and involved searching for terms in Swedish, Norwegian,
Danish, Finnish, and Icelandic.

Study Selection

The relevant records were downloaded to the reference
management software EndNote (Clarivate Analytics). In the
search for Nordic gray literature, the retrieved records were
screened to determine their relevance related to the aim of the
review before downloading the publicationsto EndNote. In the
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other searches, all retrieved records were directly downloaded
to EndNote. After the removal of duplicates, the records were
transferred to the systematic review software Covidence (Veritas
Health Innovation Ltd). All four steps were performed by an
information science specialist or librarian. The Covidence
software, which automatically detected and removed any
remaining duplicates, was used for title and abstract screening,
full-text review, and data extraction. The screening of titles or
abstracts, eligibility assessment of full-text articles, and full-text
screening were performed independently by 2 reviewers; any
conflicts were resolved by athird reviewer.

Data Extraction

Information on the included studies aims, design, conduct,
population, intervention, and outcomes as well as the results
for relevant outcomes were extracted from the publications by
2 reviewers independently using a predefined template. Any
conflicts in eligibility assessment were resolved through
discussion between the reviewers. Information regarding the
included studiesis presented in Table 1.

Risk-of-Bias Assessment

Publicationsthat aimed to demonstrate evidence of effectiveness
(for tier 3a) were assessed for risk of bias at the study level by
2 researchers independently. The criteria assessed for the
randomized study followed the Cochrane Risk-of-Bias Tool 2.0
guidelines [20] and included the method used for random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
the completeness of outcome data, the possibility of selective
outcome reporting, and other sources of bias. For
nonrandomized studies, the Risk of Bias in Non-randomized
Studies of Interventions tool [21] was used to assess bias due
to confounding and missing data as well as selective reporting
and in the selection of participants and classification of, and
deviations from, interventions. Consensus resulted in inclusion
of the risk assessment in this review’s summary of findings.
Any conflicts in risk assessment were discussed by the 2
researchers (ME and MR) and any conflicts remaining were
resolved by the third reviewer (SLS).

Analysis of Findings From the Systematic Review via
the Application of the Evidence Framework

The extracted data for relevant outcomes were categorized and
summarized according to the tiers 1-3b evidence categoriesin
the NICE evidence standards framework for DHTs described
below. An overview of each study’s contribution to the
respective evidence categories is presented in Table 2, and a
more extensive version of the table, including the criteria for
minimum evidence and best practice standardsin all evidence
categories, ispresented in Multimedia Appendix 3[22-37]. The
table was prepared by one of the researchers and reviewed by
a second reviewer. For each evidence category, data extracted
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from all included studies were compared with the defined
minimum evidence and best practice standards of evidence. The
extracted data were summarized for each evidence category,
and the extent to which the results met the requirements for
minimum evidence and best practice standardsin each category
was assessed. The process was carried out by one of the
researchers and reviewed by a second reviewer. Any assessment
conflicts were resolved through discussion between the
reviewers. The summarized data according to the evidence
framework are presented in this review’s summary of the
findings (Table 2).

The Standard Evidence Framework for DHTs

Theframework classifiesDHTs by function and thereby allows
them to be stratified into evidence tiers based on the potential
risk to users[8]. Examples of effectiveness and economic value
of digital health case studies have been provided to illustrate
how the framework can be used [9]. DHTSs that track patient
location were classified as active monitoring and thereby
stratified into evidence tier 3b. Moreover, the NICE guidelines
state that “best practice evidence standards in each relevant
evidence tier should be used for DHTs that present a potential
high risk” [8]. GPS alarms can be identified as high-risk DHTs
because the intended user group is avulnerable group and GPS
alarm failure could have serious consequences for the user, and
in some countries GPS alarms might be used without regular
support from social care professionals.

Good levels of evidence for tier 3 DHTs are presented in
Multimedia Appendix 3 [22-37]. Evidence standards of thetier
1 and tier 2 categories require documentation that demonstrate
that specific aspects have been considered and that the
procedures have been completed with a certain level of quality
control. Therefore, both the results and aims of the included
studies were considered for tier 1 evidence categories. In
contrast, tiers 3a and 3b require evidence demonstrating
effectiveness.

Results

Study Selection

The literature searches identified 1227 records. After the
removal of 240 (240/1227, 19.56%) duplicates, the titles or
abstracts of 80.36% (986/1227) of the publications were
screened for relevance; 69.85%, (857/1227) of articles were
excluded in the screening, and 10.51% (129/1227) full-text
publications were assessed for eligibility according to the
inclusion and exclusion criteria presented in Textbox 1. Of the
129 full-text publications, 113 (87.6%) were excluded, and the
remaining 16 (12.4%) articles were included in the final
assessment. Figure 1 provides an overview of the publication
selection process.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of publications assessed in each step of the

review process.

Records identified through Records identified through
database searching snowballing 1terations and gray
(n=97) literature search
(n=1130)
4 {
Records after duplicates removed
(n=986)
1
Records sereened Records excluded
(n=9806) - (n=857)
I
Full-text articles assessed for eligibility Full-text articles excluded (n=113) for following reasons:
(n=129) = - Wrong study design (n=35)
- Wrong outcome (n=20)
- Wrong intervention (n=14)
Reporting data from other studies (n=11)
No results reported (n=8)
- Duplicates (n=2)
Wrong population (n=2)
Wrong comparator (n=1)
4
Studies included in synthesis
(n=16)
. designs: observational design (n=5, of which 3 used mixed
Study Char acteristics

The 16 included studies were published as original articlesin
scientific journals (n=6), conference papers (n=2), a master’'s
thesis (n=1), and project reports (n=7). A summary of the
characteristics of each publication is presented in Table 1.

Of the 6 peer-reviewed journal studies, 1 was a randomized
controlled trial (RCT), and the others were nonrandomized
studies with either an experimental (n=4) or an observational
design (n=1). The other 10 studies had the following study
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methods and two used quantitative methods), pre- and
postintervention design using mixed methods (n=2), economic
evaluation (n=2), and within-subjects design using mixed
methods (n=1). Of these 10 studies, 5 were part of larger
innovation or pilot implementation projects.

The study populationswere older adultsin general (n=4), older
adults with dementia and their family CGs (n=11), and
municipal employees working with GPS trackers for persons
with dementia (n=1).
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Study, country Aim Intervention Duration Design Participants
Magnusson et al [22], Toinvestigate views  Extended safety and support 9 months Nonrandomized experi- Older persons with
Sweden?P and experiences of system Posifon in mobile mental study with pre-  dementialiving at
personswithdementia phone and postintervention homeand their fami-
living at home, their measurements ly CGs. Recruited:
CGS’, and the staff in- 76 persons with de-
volved in use and im- mentiaand 76 CGs;
plementation of ad- final sample: 20 per-
vanced dectronic sons with dementia
tracking; to analyze and 36 CGs
resultsin relation to
ethics; and to discuss
methodological as-
pects of research in-
volving persons with
dementia
Meggeset al [23], Ger-  To performanin- 2 GPS watches for people 4 weeksfor each Nonrandomized experi- Dyads. personswith
manya*b depth comparison of  with orientation impairment  product mental study, 2x2 dementiaand CGs.
the user experiences  (products A and B) crossover Recruited: 12 per-
of personswith demen- sons with dementia
tiaand their informal and 12 CGs; fina
CGswith 2 similar sample: 4 persons
commercia GPS with dementiaand 8
watchesin home de- CGs
mentia care; to study
the products’ clinical
effectivenessin per-
sons with dementia
and CGs
Milne et al [24], Scot- Todeterminethefeas- GPS in watch or pendant, 4 months (mean  Mixedmethodsobserve: 20 dyads. persons
|and®P bility of aprospective some with ageofencing op-  and median), tional design with dementiawith

randomized controlled

tion. CGs track persons with

range 1-7 months

ahistory of wander-

trial dementiaand are contacted by ing and CGs
monitoring agency if persons
with dementiareport that they
arelost or have reached the
geofence
Olsson et a [25], Swe-  Toinvestigatethe ef-  Passive positioning alarm Intervention Nonrandomized experi- 3 dyads: persons
den?P fectsof usingtracking (transmitter based on GPS, phase B1: 5-7 mental study with with dementiaand
technology oninde-  cell phone, and support per-  weeks, interven-  crossover design CGs
pendent outdoor activ-  son) tion phase B2: 4-
ities and psychologi- 5 weeks
cal well-beingin 3
personswith dementia
and their spouses
Pot et a [26], The Toinvestigatefeasibil-  Tracking device (GPS and 3 months Nonrandomized experi- Dyads: personswith
Netherlands®P ity, acceptability, and general packet radio service) mental study dementiaand CGs,
effectiveness of 3- worn on belt, including track personswith demen-
month use of GPSby and trace function, telephone tiain early stage of
personswithdementia  contact, and loudspeaker dementia. Recruited:
and CGs function 33; included: 28
Scheffer et a [27], The  Toinvestigatetheef- Mobile safety darmwitha 6 months Randomized controlled  Older adults using

NetherlandsP

fectsof amobile safe-
ty alarm on frequency
of going outside and
experiencesregarding
fear of falling, feel-
ings of being unsafe,
and quality of lifein
older adults

built-in drop sensor using a
positioning system over a
mobile phone network

trial

indoor alarm. Includ-
ed: 203 (100ininter-
vention and 103 in
control); final sam-
ple: 135 (58ininter-
vention and 77 in
control)
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employees’ experi-
ence of the technolo-
gies being piloted; to
identify potential
gains; and to propose
measures to realize
the benefits

(Safemate)
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Study, country Aim Intervention Duration Design Participants
Ribas Miquel et a [37], Todescribethepercep- GPS tracking device N/AE Mixed methodsobservas 30 care profession-
Spain® tions and experiences tional design as, 7 family mem-
of professionals and bers of carere-
family members of ceiverswho use a
users and nonusers of GPS tracking de-
GPS tracking devices vice, and 7 family
members of care re-
ceivers not using a
tracking device
Rehne et al [28], Nor- To verify if or how Global System for Mobile 2-9 months Mixed methods with Populations of older
wayb'f mobile safety alarms  communication or GPS-based pre- and postinterven-  adultsin Baaum,
make older adults aarm unit (hanging around tion design' Skien, and Sta-
moreindependent, in- theuser’s neck) with geofenc- vanger municipali-
crease their mobility  ing, voice connection, and ties. Included in pi-
and physical activity, tracking ability lot: 71; included in
engage relatives and evaluation: 46
lead to reduced need
for care, and increase
the ability of older
adultstolivelonger at
home
Sarli [29], Norway? Toinvestigate theef-  GPStracking device 8 months Observational design 19 municipal em-
fects and the experi- ployees working
ences of municipal with GPS for per-
employeesof GPSuse sons with dementia
among persons with
dementiaonthe quali-
ty of the municipal
services
Ausenetad [30], Nor-  Toestablishknowl-  GPSunit (possibleto attach 1 year (mean) Observational design’ ~ Older adultsliving
wayh edge about users’' and to key chain) for localization at home or in nurs-
employees’ experi- with geofencing alarm ing homesin Larvik.
ence of piloted GPS; 47 care receivers,
to establish knowl- number of employ-
edge of the effects of ees unclear
use of the technology
on users, employees,
and the service; to
identify potential
gains,; to describe ser-
vice models for the
use of various security
and coping technolo-
giesinthemunicipali-
ty
Boysen and Stele [31],  To establish knowl- Mobilesafety darmwithGPS 6 months Mixed methods with 9 persons with de-
Norwayh edge of theusers and tracking and geofencing pre- and postinterven-  mentiaand with affil-

iation with either
housing associa-
tions, nursing
homes, or activity
centers; 13 home
userswith follow-up
of relatives
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Study, country

Aim

Intervention

Duration

Design

Participants

Dahlberg [32], Sweden”

To perform asocioeco-
nomic analysisin the
form of a cost-benefit
assessment of amo-
bile security alarm

Mobilesafety darmwithGPS  9-10 months

tracking, geofencing, and
voice communication (Posi-
fon, same as [22])

Economic evaluation

Persons with mild
and more advanced
dementia; persons
with more advanced
dementiawith munic-
ipal care; al living
in ahome setting
with some form of
care from relatives.
Approximately 80

(sameas[22])
Mamquist[33], Sweden” To assessthe costs GPSor Global System for 37-260 days Economic evaluation 8 persons with de-
and benefits of pas- M aobile communication pas- mentialivingin
sive alarmsfor users, sive position alarm (bracelet) home settingsin
their relatives, the with geofencing function Ostersund municipal -
municipality, and soci- ity and their rela-
ety; to develop adeci- tives or informal
sion-making basis for CGs. Prescribers of
prescription of differ- adarmswithin the
ent passive alarms; to municipality
increase knowledge
regarding passive
alarms and their costs
and benefitsfor stake-
holders
@derud et al [34], Nor-  To investigate how GPS devices (1 of 3) with Upto 1year Mixed methodsobserve:  Oslo inhabitants
wayh location technology ~ alarm, tracking, and voice (58% of the tional desi gni with dementiaor de-
can beorganizedand communication features users); 1-2 years mentia-like condi-
integrated as part of (35% of the tions, 94% living in
the municipalities users), more than their own home. 109
operational health and 2 years (7% of users; 216 in total
care services and to the users) (usersandtheir rela-
develop service mod- tives, employeesin
elsfor interaction care services and at
among public, private, aarm center, and lo-
and volunteer service calization technolo-
providersto help per- gy providers)
sons with dementia
and their CGs
Rehne et a [35], Nor- To investigate how Mobile safety alarm with 8-10 months Mixed methodsobserva:  Older adults living

wayh mobile safety alarms  tracking and voice communi- tional desi gnj independently Re-
can contribute toward  cation cruited: 12; fina
enabling older adults sample: 10

to reside at home for
aslong as possible
and to establish
knowledge of how to-
day’s mobile safety
alarms can be devel-
oped
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Study, country Aim Intervention Duration Design Participants
Vidensférmidling and To investigate A combined GPSor Global At least three Mixed methods, within- 180 personswith de-
Syd [36], Denmark" whether early alloca-  Systemfor Mobile communi-  months subjectsdesign; eco-  mentiaand their in-

tion of GPS alarms
can provide greater
security and quality of
life for personswith
dementia and their
relatives and thereby
reduce the need for

cation device carried in a
pocket or worn on the belt,
individually adapted to the
individual . Unit equipped
with acal button, with which
the person with dementia can
call for help inthe event of a

formal CGslivingin
the home setting in
5 municipalities

nomic evaluation

help from the munici- fall or similar incident
pality

8Journal article.

PPeer-reviewed.

°CG: caregiver.

dconference paper.

EN/A: not applicable.

fPart of a larger project that, according to the publication, used methods from research-supported, demand-driven innovation.

IMaster's thesis.
hProj ect report.

iPart of a larger project which, according to the publication, used methods from demand-driven innovation and service design to go from pilot to

operation.
JPart of pilot implementation study.
KPart of demonstration project.

Summary of Findings

Table 2 presents an overview of the study findings from
individual studies assessed using the NICE evidence standards
framework for DHTS[8]. A more extensiveversion of thetable,
including the definition of minimum evidence and best practice
standards for each category, is presented in Multimedia
Appendix 3 [22-37]. As can be seen in Table 2, the included
studies provide best practi ce evidence according to the standards
of two of the fivetier 1 evidence categories, that is, Relevance
to current pathways in health/social care system and
Acceptability with users. In more than 60% of the included
studies, GPS devices had been successfully piloted or
implemented in socia care systems. All these studies had been
performed in Nordic countries as part of larger projects
supporting the development of products, services, and
decision-making processes. Most of these projects were part of
national government programs that aimed to stimulate the use
of welfare technology. Furthermore, best practice evidence
showing that representatives from the intended user groups
(older adults and persons with dementia) were involved in the
testing of the GPS alarms and that the users were satisfied with
them wasidentified in 38% (6/16) of theincluded studies. Table
2 a'so shows that minimum standard evidence was identified
for the tier 1 category Credibility with health, social care
professionals because relevant social care professionals had
been involved in 75% (12/16) of the included studies.

However, the evidence according to the standards for tier 2
evidence categories could not be assessed from the included
studies. For example, because the alarm systems do not provide
general information or adviceto users concerning health, healthy
living, lifestyle, diseases, illnesses, or conditions, the minimum
and best practice standards were not relevant for this assessment.
Nevertheless, the information that the alarm systems provides

https://www.jmir.org/2021/10/e27267

toformal and informal CGsand security service providers about
user position and emergency situations must be accurate. None
of the evaluated studies investigated the reiability of this
information. However, one study elaborated on alarm testing
and the timeliness of the transmission of information in case of
an alarm during the devel opment of test routines, and two studies
investigated the CGs' views on the accuracy of the information
regarding the user position and the user-friendly aspects of the
interfaces. Thetwo latter studiesidentified that some situations
(eg, when users reach places with poor mobile coverage) can
limit the updating of user position and thereby reduce the
reliability of the system’s information content.

Furthermore, evidence of ongoing data collection to show use
and value could not be identified from the included studies.
Indeed, several studies demonstrated use and value on study
follow-up occasions. Use was reported both for specific system
functions and on a system level with varied levels of detail.
Although some studies collected use data from system logs,
reporting by CGs or users was more common. The measured
values for users (persons with dementia or older adults) related
to improved outdoor activity (increased independence, fewer
waorries, increased frequency with regard to visiting new places
and making longer trips, and increased or maintained physical
activity level); improved relationship with CGs (fewer conflicts
with CGs and more freedom); increased security and safety
(increased security in daily life and prolonged period living
independently); and increased QoL. The measured values for
CGs of persons with dementiarelated to improved well-being,
QoL enhanced possihility of giving more freedom to persons
with dementia, and improved security and safety. Finaly,
examples of measures for safeguarding (service models, test
routines, and role of relatives or alarm center) in the use of GPS
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alarmswere described in three of theincluded studies. However,
evidence according to the standards could not be identified.

Moreover, the included studies provide clear evidence of
effectivenessin outcomes or improvementsin outcomes rel evant
to tiers 3a and 3b. Of the 16 included studies, 10
[22-27,32,33,36,37] investigated the outcomes that could be
related to effectiveness. The findings of the included RCT [27]
were compared with the framework’s standards for best practice
evidence to demonstrate effectiveness in outcomes or
improvements in outcomes. However, no increase in the
frequency of older adults going outside was found in the
intervention group, and no significant differences in secondary
outcomes, including fear of falling, feelings of unsafety, or QoL
were identified [27]. The other nine studies that used
observational or quasi-experimental designswere assessed with
regard to requirements for minimum evidence standards (ie,
demonstrating effectiveness in outcomes or improvements in
outcomes). Improvements were indicated with regard to an
increase in the percentage of days that persons with dementia
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were engaged in independent outdoor activity (there were
indications of an increase in three cases based on CG reports,
no statistical data were available) [25] and to a decrease in
role-overload and feelings of worry for CGs of persons with
dementia (P>.05) [26]. Furthermore, GPS tracker use was
associated with an important decrease in time spent searching
for persons with dementia who were lost [24]. However, the
data were based on CG recall and could not be objectively
verified. In addition, this outcome is more related to efficiency
than effectiveness. Interestingly, one study found decreased
activity among persons with dementia because of disease
progression [22], and another study identified no significant
changes in burden or QoL for CGs of persons with dementia
[23]. In contrast, economic evaluations indicated reduced costs
for the care of persons with dementia because of prolonged
periods living independently instead of special housing (up to
3 months) [32,33,36]. As a crossover design was used, the
differencein the mean CG burden between relatives of persons
with dementia using or not using GPS trackers was indicated
in small samples[37].
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Table 2. Summary of findingsin relation to the evidence categories of the evidence standards framework for digital health technologies (N=16).

Tiers Findings Studies, n (%)  Risk of bias?
Tier 1

Credibility withhedlth «  Minimum evidence standards show that relevant social care professionalswere « 12 (75) _b

and social care profes- involved in the design, development, or testing of the GPS devices

sionals o In12 (75%) [22,24,25,28-36] of the included studies, social care professionals

were involved in the testing of the GPS devices to a varied extent

Relevancetocurrent  «  Minimum and best practice evidence standards show that GPS devices have . 10(63) —
pathwaysin health or been successfully piloted or implemented in social care systems. This was de-
social care system scribed in 10 (63%) of the included studies. Of these 10, 3 were performed in

Sweden [22,32,33], 6 in Norway [28-31,34,35], and 1 in Denmark [36]. All of

them were part of larger projects supporting devel opment of products, services,

and decision-making processes to support OAsc and their familiesin their

homes. Most of those projects were part of national government programs that

aimed to stimulate the use of welfare technology

Acceptability with .  Bestpractice evidence showsthat representatives from theintended user groups « 6 (38) —
users (persons with dementia and OAs) were involved in the design, development,
or testing of the DHTd and to show that users were satisfied with the DHT
«  Representatives from the intended user groups (OAsin general or personswith
dementia) wereinvolved in testing of the GPS alarmsin 15 (94%) of the studies
(ie, al the included studies except [29])
«  Six (38%) of these studies showed that the users were satisfied with the alarms:
77% of the CGse of persons with dementia stated that they would recommend
the use of GPS alarms in the Pot et a study [26]; 97% of the OAs who partici-
pated in the Rghne et a study [28] and 90% of the OAsin the Rghne et a study
[35] stated that they were satisfied with the alarm
o All older usersinthe Ausen et a study [30] would recommend othersin similar
situations to use the GPS alarm
o User satisfaction was confirmed in the interviews in the Milne et a study [24]
and in the valuesidentified in the Boysen et al study [31]

Equalitiesconsidera- «  No information retrieved from included studies. Socioeconomic aspectswere «  0(0) —
tions not addressed
«  However, personswith dementiaand OAsmay be considered vulnerable groups

Accurateand reliable «  Noinformation retrieved from included studies. Technical validationswerenot « 0 (0) —

measurements (if rele- included in the review. All included studies used commercial products
vant)
Accurateandreliable «  Noinformation retrieved from included studies. Technical validationswerenot «  0(0) —
transmission of data included in the review. All included studies used commercial products
(if relevant)
Tier 2

Reliableinformation «  Minimum and best practice standards category is not relevant for GPS devices «  0(0) —
content because they do not provide general information or advice to users concerning

health, healthy living, lifestyle, diseases, illnesses, or conditions

«  However, for reliability of information on user position and emergency situations,

data on user testing were provided by 1 study (6%) [28], and data on CGS

perceptions of the accuracy of the GPS information were provided by 2 (13%)

studies. For example, relatives and staff in the @derud et a study [34] had ex-

perienced slow or unreliable information on the user’s position. Moreover, [30]

reported cases of poor mobile coverage that had resulted in failuresin updating

user position
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Tiers Findings Studies, n (%)  Risk of bias?

Ongoing datacollec- «  Cannot be assessed from theincluded studies. Evidence of ongoing datacollec- «  0(0) —
tion to show use tion (required according to evidence standards for the category) was not reported
in the included studies

. However, 10 (63%) of the included studies presented data on use on specific
occasions related to the interventions

« Inall, 3 studies (19%) reported quantitative data on usage period: [30] and [34]
presented the number of participants who had used GPS trackers for up to 1
year and between 1 and 2 years, respectively. [33] reported the number of days
that each participant had used the GPS trackers (mean 158 days, median 210
days, and range 37-260 days)

o Atotal of 3 (19%) studies[22,25,28] included system logsin the collection of
datato investigate use. Interestingly, [22] saw that the extent to which persons
with dementia used mobile phone-based GPS varied widely among the partici-
pants. Moreover, [28] described that the logs from the technical systems were
thoroughly analyzed to understand the role and function of users, alarm units,
response center, CGs, and relatives

o Inall, 4(25%) studies[23,24,26,27] based the data coll ection of use on therecall
of the users or their CGs, and 2 of these [26,27] reported that the persons with
dementia did not always take along the GPS devices (mobile phone or tracker
worn on the belt) when going out and that the devices were not always switched
on

Ongoing datacollec- «  Cannot be assessed from theincluded studies. Evidence of ongoing datacollec- «  0(0) —
tion to show value tion to show value (required according to evidence standards for the category)

was not reported

«  However, 11 (69%) of the included studies presented data on use for values re-
|ated to the health and welfare outcomes of users (OAs, persons with dementia,
and CGs of personswith dementia) on specific occasionsrelated to theinterven-
tions; one (6%) study [22] identified that CGs experienced that the personswith
dementia had become more independent in outdoor activity; 1 (6%) study [24]
identified that CGs and staff saw that GPS trackers could give persons with
dementiain milder stages of dementiaand their CGs increased freedom and
decreased stress and anxiety; and 1 (6%) study [26] identified val ues perceived
by some of the CRsf, including increased freedom and decreased worries and
fewer conflicts with CGs when going outside alone. Moreover, the CGs experi-
enced that they gave more freedom to the CR and some experienced fewer
conflictswith the CR

«  Another study (6%) [28] identified that more than 50% of the usersthought that
the GPS alarm helped to increase their freedom

o One study (6%) [29] noted that more than 50% of the participating staff per-
ceived that GPS trackers for persons with dementia could, to some degree, free
up timefor service providers by reducing the number of inspectionsthey carried
out to seeif the person iswell, driving to and from the user and following the
user on walks; [30] identified that all persons with dementia thought that GPS
trackers enabled them to increase or maintain physical activity, to increase
freedom in outdoor activities, and that all relatives experienced that the GPS
trackersincreased their feelings of safety when leaving the person with dementia
by themselves; and [31] identified positive values of GPStrackersbothin shared
housing for personswith dementia, including freedom for personswith dementia,
decreased stress and anxiety for employees, time savings for staff and cost re-
duction, and for home users, including increased security, with, in some cases,
increased outdoor activity and CG relief

«  Another study [32] identified that 5 of the 8 GPS tracker users experienced in-
creased security and could continue to live at home for alonger periods. In ad-
dition, 5 of the 8 relatives experienced fewer concerns and worries; [34] noted
that most of the users perceived that the GPS trackers provide security (for the
user, CG, and staff), increase freedom for the user and sometimes also the CG,
aswell as help the user to be physically active and maintain their activity level;
[35] identified that most of the GPS alarm users experienced that it increased
their safety and freedom in daily life; and [36] identified that the GPS tracker
increased the security and quality of life of persons with dementia and their

CGs
Quality and safeguard- « 0(0 —
ing
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Tiers Findings Studies, n (%)  Risk of bias?

o Cannot be assessed from the included studies

«  However, 3 (19%) of the included studies had a study aim or presented data
related to system-level quality and safeguarding: [30] and [34] presented the
service model for implementation of GPStrackersin the homes of older adults,
which included safeguarding measures taken by the municipality. Moreover,
[34] presented data on the roles of different actors (users, relatives, and alarm
centers) in charging and administration of the alarm as well aslocating and re-
trieving the user, if necessary

«  Onestudy (6%) [28] described the establishment of an initial test routine to
encourage users to regularly trigger the alarm when out walking

Tier 3a
Demonstrating effec- «  Effectivenessis not demonstrated in outcomes or improvementsin outcomes «  1(6) . High
tiveness in outcomes according to best practice standards: no increasein the frequency of OAsgoing «  7(44) « High
or improvementsin outside; no significant differencesin changesin fear of faling, fedingsof un- «  2(12) . High
outcomes safety, or quality of life [27]
.  Effectivenessis not demonstrated in outcomes or improvements in outcomes
according to minimum evidence standards. Indications were identified for the
following:
«  Decreasein time searching for person with dementia (from amean of 3-4
hours per event to 40 minutes) [24]
« Increasein the number of days that person with dementia was engaged in
independent outdoor activity (three cases, no statistics available) [25]
« Decreasein role-overload of CGs of persons with dementia (P=.126;
d=—0.25 for dl CGs, and P=.119; d=—0.34 for CGs who could reach CR
with the mobile alarm) and in feelings of worry (P=.08; d=—0.32 for al
CGs, and P=.057; d=—0.46 for CGs who could reach CR with the alarm)
[26]
« Reductionin costsfor care of personswith dementiabecause of prolonged
timethat the person could live independently instead of in special housing
(up to 3 months) [32,33,36]
«  Differencein mean CG burden between relatives of personswith dementia
using and not using GPS (P=.04) was indicated in small samples because
acrossover design was used [37]
«  Outcomes investigated with negative results:
« Activity of person with dementia: reduced because of disease progression
[22]
«  Burdenand quality of lifefor CGsof personswith dementia: no significant
changes [23]
Useof appropriatebe- «  Not relevant for GPS devices: no behavior change techniques used « 0(0 —

havior change tech-
niques (if relevant)

Tier 3b

Demonstrating effec- «  Effectivenessis not demonstrated in improvements in outcomes accordingto  «  0(0) —
tiveness: improve- minimum evidence or best practice standards (see above)
ments in outcomes

8Risk-of -hias assessment: a“high” risk of biasis equivalent to “ high” for the Cochrane Risk-of-Bias Tool 2.0 (randomized studies) or “ serious/critical”
for the Risk of Bias in Non-randomized Studies of Interventions Tool (nonrandomized studies), and a“low” risk of biasis equivaent to “low” for the
Cochrane Risk-of-Bias Tool 2.0 (randomized studies) or “low/moderate” for the Risk of Bias in Non-randomized Studies of Interventions Tool
(nonrandomized studies).

PNot available.

COA: older adult.

9DHT: digital health technology.
€CG: caregiver.

fCR: care receiver.

presented in Table 3 (nonrandomized studies) and Table 4

Risk of Bla_s _ _ o _ (randomized study). The overall risk of bias was assessed to be
The summaries of the assessed risk of biasfor individual studies  seriousor critical in all nonrandomized studies, particularly bias

that aimed to demonstrate evidence of effectiveness are due to confounding and in measuring outcomes

https://www.jmir.org/2021/10/e27267 JMed Internet Res 2021 | vol. 23 | iss. 10 | €27267 | p. 13
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Ehn et a

[22-26,32,33,36,37]. The RCT was assessed as having a high  or personnel and incomplete outcome data [27].
risk of bias, in particular with regard to the blinding of patients

Table 3. Risk-of-bias assessments for individual studiesinvestigating effectiveness according to standardized criteriafor nonrandomized studies using
the Risk of Biasin Non-randomized Studies of Interventions Tool. The tool’s scale for ascending risk islow, moderate, serious, and critical.

Domains of bias Study
Magnusson Meggeset Milneetal Olssonet  Potetal Ribas Dahlberg  Malmquist Vidensfor-
eta [22] a [23] [24] al [25] [26] Miquel et [32] [33] midling
al [37] and Syd
(36]
Biasdueto confounding  Serious Serious Critica Moderate  Serious Serious Critica Critica Critica
Biasin selection of partici- Low Low Critical Serious Low Serious Noinforme:  Serious Noinforma-
pants tion tion
Biasinclassificationof in- Low Low Low Low Low Moderate  Noinforma= Moderate  Moderate
terventions tion
Biasindeviationsfromin- Low Noinforma  Low Low Serious Noinforma  Serious Noinforma  Noinforma-
tervention tion tion tion tion
Biasdueto missing data  Critical Moderate  Serious Low Moderate  Noinforma  Noinforma Low Noinforma-
tion tion tion

Bias in measurement of Serious Serious Serious Serious Serious Serious Moderate  Critical Serious

outcomes

Biasin selective reporting Low Moderate  Serious Low Low Low Serious Serious Serious
Overall bias Critical Serious Critical Serious Serious Serious Critical Critical Critical
Comments or direction of  Unpre- Unpre- Unpre- Unpre- Unpre- Unpre- Unpre- Unpre- Unpre-
bias dictable dictable dictable dictable dictable dictable dictable dictable dictable

Table4. Risk-of-bias assessments for individual studies investigating effectiveness according to standardized criteriafor randomized studies using the
Cochrane Risk-of-Bias Tool 2.0. Biasis assessed as low, high, or unsure (when sufficient information is not available to allow assessment).

Risk of biasdomain Study (Scheffer et a [27])
Random sequence generation Low
Allocation concealment Low

Blinding of participantsor personnel  High

Blinding of outcome assessment Unsure

Incompl ete outcome data High
Selective reporting Low
Other bias Unsure
Comments High dropout, especially in the intervention group where the provided foremost reason was that the participants
found the alarm too big and heavy
Discussion also presents evidence of the minimum standard for the tier 1

category Credibility with health, social care professionals,
although the minimum standard is insufficient for high-risk
) . . ) . DHTs such as technologies that track patient location. More
GPS aarms are implemented in social care with the am of  gyedifically, the studiesin this review showed that social care
supporting users in independent activities of daily living, professionals have been involved in the testing of alarm systems;
particularly outdoors. Thissystematic review included 16 studies ot GPS trackers have been successtul ly piloted or implemented
investigating the effects of GPS alarms on health, welfare, and i, the Swedi sh, Norwegian, and Danish socia care systems;

social proyisioq inoal dgr adult care. The review dgmonstraﬁe; that representatives from theintended user groups (personswith
best practice evidence in peer-reviewed and gray literature for  gementia and older adults) have been involved in testing the

two of the tier 1 evidence categories (Relevance to current 4 systems; and that users were satisfied with the alarm
pathways in health/social care system and Acceptability with g gems Although a number of studies reported findings

users) of the NICE evidence standards framework for DHTs regarding use, value, and measures for safeguarding at specific
[8]. The approach of using an existing framework t0 assessthe  jme points, our review concluded that evidence categories for
quality of studiesisrelevant for all types of DHTs. Thisreview

Principal Findings
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tier 2 could not be assessed from the included studies. Finally,
thisreview identified alack of clear evidence for effectiveness
according to the standards of evidence categoriesintiers3aand
3b in the NICE framework, which is required for DHTSs that
track patient location [8]. Moreover, the overall risk of bias of
the included studies that evaluated effectiveness was assessed
to be high. Therefore, the study findings should be interpreted
with caution.

Some of the included studies demonstrated negative or absent
effects on healthy behaviors and on the users health and
welfare. For example, the only RCT included in our review
demonstrated no effect of GPS trackers on older adults
frequency of going out, feelings of unsafety, or fear of falling,
and the authors stated that “ some of the participants did not take
the mobile alarm outside with them at all times. Thismight have
been caused by perceived user - unfriendliness of the alarm

[27.

Moreover, a honrandomized intervention study demonstrated
that activity among persons with dementia was reduced during
the intervention and concluded that this was due most likely to
disease progression [22]. The need to identify primary user
groups has been addressed in previous research on GPS alarms
for older adults [10]. Both examples illustrate the complexity
of this type of intervention in populations of persons with
dementia, which might increase therisk of biasdueto deviations
from the interventions and to missing data, respectively.
Additional potential challenges for RCTs investigating the use
of GPS alarms in persons with dementia were identified in a
feasibility study [24] and included challengesin finding social
care staff willing to recruit participants, randomizing the
participants, and finding participants or CGs willing to
participate as controls [24].

It should be pointed out that GPS trackers and the context of
use varied among the studies included in this review; simply
put, these studies evaluated different wearables, technical
infrastructures, and supporting services. For example, some
studies reported on insufficient usability of the trackers, which
might have limited their use. However, the rapid development
of mobile health systems has enabled the incorporation of GPS
alarms in discrete wearables such as bracelets and pendants or
consumer products that older adults are already using in daily
life. These more sophisticated wearables might help to overcome
the obstacles of poor usability and the potential stigma of older
GPS devices such as mobile trackers attached to the belt or
additional mobile phones. Hence, the usability, acceptability,
and desirability of GPSwearables need to be addressed in future
research [38]. Other aspects that are relevant to investigate in
future studies of GPS use include the system’s ease of use
(including usability and learnability) and the users' readiness
(including expectations [39] and eHealth literacy [40Q]). In
addition, involving user groups in the design of user interfaces
and supporting services can be effective in the development of
new systems that meet the needs of user groups and the context
of use[41,42].

The alarm systems studied have been implemented to varying
degrees in the socia care systems of different countries. User
and CG support services also varied across the studies: in some
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cases, CGs were the sole alarm receivers, whereas in others,
resources from a security company or the municipality have
supported the CGs.

Interestingly, economic effects are likely to be affected by the
value models and organization of national socia care systems.
In this review, the heterogeneity of the studies in terms of
population, context, and systems was high; therefore, the
generalizability of the resultsis uncertain.

Further research on service development, implementation of
information and communication technologies in the public
sector, profit realization, processes for change, contribution to
political goals, business models, and health and welfare has
been recommended to support the implementation of GPS
alarmsin older adult care [10]. Studiesin this review that were
found in gray literature have demonstrated progress in these
areas (eg, usable and acceptable systems that were properly
integrated in the social care services of Nordic countries). These
studieswere conducted as a part of larger projects—often within
national programs to promote the use of HWTs among older
adults—that aimed to study and devel op products, services, and
methods for implementation.

Notably, the studiesincluded in thisreview identified outcomes
that might be relevant for future studies investigating the
effectiveness of GPS-based mobile alarms on the health and
welfare of older adults and social care provision. Furthermore,
outcomes related to the health and welfare of CGs of persons
with dementia might be relevant for further investigation
[23,26]. Other outcomes related moreto efficiency, such astime
spent searching for persons with dementia who were lost [24],
may be less useful in assessing effectiveness and should
therefore be considered as complementary or secondary.

This review identified a need to establish evidence in several
evidence categoriesin al tiers of the NICE evidence framework.
Evidence for tiers 1 and 2 might be identified from severa
sources, including product documentation from suppliers of
HWT products; expert authorities; and initiatives for service
development, piloting, and implementation of HWT products.
However, for tiers 3a and 3b, further research on the
effectiveness of GPS-based mobile alarmsis still needed.

Limitations

A potentia limitation of thisreview isthe exclusion of studies
with aqualitative design aswell astechnical validation studies.
The findings from these types of studies might have been
relevant for providing evidence for tiers 1 and 2. The study
findings were assessed using the NICE evidence standards
framework for DHTSs [8], which includes evidence categories
(especially in tiers 3a and 3b) that do not support qualitative
studies. However, other evaluation strategies exist [43]. In
addition, the searches were restricted to the English and Nordic
languages, thus excluding studies published in other languages.

Comparison With Prior Work

Thefindings of thisreview are in line with previous reviews of
GPS tracker use among older adults (including persons with
dementia), which identified limited evidence on the effectiveness
of GPS tracker use on health-related outcomes, for example
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[10-12]. The previous reviews provided a broader picture of
state-of-the-art research on GPS tracker use in older adult care
[10] and for managing wandering behavior among personswith
dementia [11]. For example, the study by Rehne et al [10]
categorized findingsin different research areasfrom 74 articles
published from 1998 to 2016. The study by Rehne et al [10]
concluded that research on GPS had increased significantly by
2014-2015, most likely because of the increased use of
smartphones, wearables, and other health technol ogies, and had
concentrated, up to that time, on identifying the primary user
groups and their needs and experiences. Moreover, the study
by Rghneet a [10] identified knowledge gapsrelated to service
development, implementation of information and
communication technologies in the public sector, profit
realization, change processes, contributions to political
objectives, businessmodels, and health and well-being that need
to befilled for location servicesto be used as ordinary services
in Norwegian municipalities. This systematic review could not
identify alargeincreasein published studies of the effectiveness
of GPS aarms on health, welfare, and socia care outcomes
after 2014. On the contrary, the publication years of the studies
included in this review are rather evenly distributed over the
search period (two each in 2012 and in the years 2014-2017,
one each in 2011 and 2018, and four in 2013). It is worth
mentioning that the included economic evaluations were
published in 2011 and 2013.

Moreover, the scoping review by Neubauer et a [11], which
included studies that used any type of study design or
methodology with positive or negative results, identified that
the most commonly used wander management
technology—from scholarly and gray literature—was GPS,
followed by alarms and sensors, with only 22% of the devices
clinically tested in home or institution settings. The review by
Neubauer et al [11] concluded that further research is needed
to identify technologies with high levels of evidence for
effectiveness and usability. The seven studies on mobilelocators
included in the review by Neubauer et al [11] were published
inthe period 2000-2012. Interestingly, no overlap in theincluded
studies was identified between the review by Neubauer et al
[11] and this review. However, this review had a small overlap
of four studieswith a synthesizing review by Bartlett et a [12],
which included empirical studies of persons with dementia or
their family CGs or both using GPS. A total of 23 studies
published in the period 2007-2016 were included, and datawere
synthesized acrossthreeidentified themes: using GPSto prevent
harm and promote well-being; taking control; and value of GPS
data[12]. Thereview by Bartlett et al [12] found only nontrial
evidence and identified alack of large-scale studies. Thisreview
therefore complements the previous reviewsin several aspects:
first, by analyzing data from different studies, mainly because
of the inclusion of only quantitative results, second, by
contributing results published after 2016; and third, by reviewing
the current evidence on GPS trackers according to the
requirements of the NICE framework. So far, the NICE
framework has been used for examples of case studies that
demonstrate evidence of the effectiveness and economic value
of a number of DHTs [9]. These studies are based largely on
information provided by the developers that has not been
independently verified. Study results published in peer-reviewed
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and gray literature can therefore strengthen the validity of
evidence of DHTs. We have not been able to identify prior
systematic reviews of evidence related to HWTs that have
applied the NICE framework to the study findings. However,
one study has used the framework for classifying medical mobile
apps [44]. We envision that the number of studies that apply
the NICE framework for various purposes will increase in the
future and contribute to demonstrating evidence related to
HWTs.

Implicationsfor Clinical Practiceand FutureResearch

Thisreview hasidentified aneed for further research to provide
the required evidence for the effects of the use of GPS-based
mobile alarms on the health and welfare of older adults and
socia care provision. On the basis of the NICE evidence
standards framework, examples of successful piloting of GPS
alarmsin social care systems and of testing that involved older
adults and CGs have been identified.

The results can be beneficial to the socia care organizations
that see the potential in GPS alarms to support older citizens'
independence in daily living activities. First, we demonstrated
that there is a lack of evidence of the clinical effectiveness of
GPS trackers in the care of older adults. Hence, the ongoing
implementations of GPS trackers have not been based on
evidence of their clinica effectiveness. Second, we clarified
therisks of implementing patient-locating systems such as GPS
with insufficient evidence based on the NICE evidence
framework. On the basis of the framework, the types of potential
risks associated with the use of HWTswith insufficient evidence
(eg, safety risks for the user and inefficient use of resources)
can be identified. Socia care organizations can use this
knowledge to make informed decisions on whether they should
wait for, or demand, more evidence before they start using new
HWTSs. Hence, increased awareness of what can be gained from
better evidence is important. Third, we presented experiences
from successful piloting of GPStrackersin social care systems,
for example, with regard to suitable user groups, usable and
acceptable GPS solutions, customization and development of
products and services, processes for decision-making, and
implementation. The level of evidence regarding effectiveness
and economic value needs to be considered in decision-making
processes on the implementation of HWTs when potential
benefits and risks need to be balanced. After all, money spent
on improving the health of older adults needsto be spent wisely
and efficiently.

Thisreview hasidentified critical knowledge gaps that need to
be addressed in future research, most importantly with regard
to clinical effectiveness. Open questions include the clinical
effectiveness of specific GPS trackers for certain user groups
with defined supporting services. The included studies can
contribute with positive examples of implementation on which
to base future research (eg, products, user groups, and service
models) and with challenges that have been experienced in
previous research. Potential evolutions of thisreview arefuture
studies on the clinical effectiveness of already implemented or
piloted GPS trackers in their real-world implementation
environment. Thus, the interventions to be evaluated should
include user groups and service model sthat have been identified
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and devel oped in the previousimplementation or pilot projects.
In addition, generating rea-world evidence during the
implementation of GPS trackers in social care systems seems
to be of great importance in addressing the evidence gaps.

Conclusions

There is insufficient evidence for the effects of the use of
GPS-based mobile alarms on the health and welfare of older
adults, as well as social care provision. Best practice evidence
for two of the tier 1 evidence categories and evidence of
minimum standard for thetier 1 category of the NICE evidence
standards framework for DHTs[8] wereidentified. Thisreview
identified that social care professionals have been involved in
the testing of GPS trackers, that GPS trackers have been
successfully piloted or implemented in the Nordic social care
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systems, that representatives from the intended user groups
(persons with dementia and older adults) have been involved
in testing the devices, and that users were satisfied with them.
Although a number of studies have contributed data
demonstrating use, value, and measures for safeguarding at
specific time points, our review concluded that the evidence
categories for tier 2 could not be assessed from the included
studies. Findly, this review demonstrated a lack of clear
evidence of effectiveness according to the standards of evidence
categoriesin tiers 3a and 3b in the NICE framework, which is
required for DHTsthat track patient location [8]. Future research
needs to address clinical effectiveness broadly and incorporate
aspects related to products, user groups, service models, and
challengesin socia care systemsin the real world.
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