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Abstract

Background: The use of assistive technologies (ATs) to support older people has been fueled by the demographic change and
technological progress in many countries. These devices are designed to assist seniors, enable independent living at home or in
residential facilities, and improve quality of life by addressing age-related difficulties.

Objective: We aimed to evaluate the effectiveness of ATs on relevant outcomes with a focus on frail older adults.

Methods: A systematic literature review of randomized controlled trials evaluating ATs was performed according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The Ovid Medline, PsycINFO, SocIndex,
CINAHL (Cumulative Index to Nursing and Allied Health Literature), CENTRAL (Cochrane Central Register of Controlled
Trials), and IEEEXplore databases were searched from January 1, 2009, to March 15, 2019. ATs were included when aiming to
support the domains autonomy, communication, or safety of older people with a mean age ≥65 years. Trials performed within a
laboratory setting were excluded. Studies were retrospectively categorized according to the physical frailty status of participants.

Results: A total of 19 trials with a high level of heterogeneity were included in the analysis. Six device categories were identified:
mobility, personal disease management, medication, mental support, hearing, and vision. Eight trials showed significant effectiveness
in all or some of the primary outcome measures. Personal disease management devices seem to be the most effective, with four
out of five studies showing significant improvement of disease-related outcomes. Frailty could only be assessed for seven trials.
Studies including participants with significant or severe impairment showed no effectiveness.

Conclusions: Different ATs show some promising results in well-functioning but not in frail older adults, suggesting that the
evaluated ATs might not (yet) be suitable for this subgroup. The uncertainty of the effectiveness of ATs and the lack of high-quality
research for many promising supportive devices were confirmed in this systematic review. Large studies, also including frail
older adults, and clear standards are needed in the future to guide professionals, older users, and their relatives.
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Introduction

Advancements in medicine and public health have led to a rise
in life expectancy and are among the main reasons for the
changing demographic structure in many countries. In the
European Union, the share of people aged 65 years and over is
projected to rise by almost 31 million (or 7%) until 2040, while
the overall population is estimated to decrease by approximately
1 million [1]. The growing number of older citizens, often with
multiple morbidities, leads to an increased demand for health
care services and professionals [2]. Coupled with rising costs
for diagnosis and treatment, politicians and stakeholders
anticipate difficulties in providing adequate care in the near
future. One essential approach is to empower older adults to
manage their own health and remain independent as long and
extensive as possible [3].

The use of assistive technologies (ATs) in older persons’ care
has been fueled by these developments, helping to maintain
seniors’ autonomy, safety, or communication at home or in
residential facilities [4-8]. Thus, ATs may not only increase
older adults’ quality of life (QoL) but also contribute to a relief
of health care systems and, in particular, formal and informal
caregivers [2]. In recent years, a variety of devices addressing
problems associated with, for example, dementia [9-11],
hypertension [12,13], Parkinson disease [14,15], and loneliness
[16] have entered the market. In the literature, the term AT is
used to include, among others, telemedical applications [17,18],
robotics [4,19], virtual reality [20,21], and sensors [22], but can
also cover more conventional technologies such as hearing or
vision aids [23,24]. The lack of a uniform definition and the
resulting heterogeneity preclude harmonized recommendations,
guidance, and structured research [4,25-27]. Despite a large
amount of existing literature on the use of ATs for older people,
the effectiveness of these devices remains unclear [3,18,28-30].
Users, as well as their formal and informal caregivers, are often
overwhelmed by the different options, and up-to-date guidance
from insurance companies or other institutions is lacking
[31-33].

Previous research has shown that, so far, AT is not likely to
replace personal care but rather to supplement it [34]. Ideally,
older adults should be able to use ATs with no or little help or
supervision to avoid adding workload to the caregiver [35]. In
particular, frail older adults with increased dependency could
benefit from AT. However, this population often expresses a
mixed attitude toward ATs and needs special support when
using these devices [36]. The process of becoming a regular
user of AT as an older adult is complex [3,36-38]. Usability,
the ease of integration into daily life, access and affordability,
and individual aspirations and characteristics are some factors
influencing the use of AT among older adults [29,38,39].

In this study, we systematically reviewed randomized controlled
trials (RCTs) to provide a synthesis of high-quality evidence
on the effectiveness of ATs for nonfrail and frail older adults.
In this context frailty is defined as “a state of increased
vulnerability to poor resolution of homeostasis following a
stress, which increases the risk of adverse outcomes including
falls, delirium and disability” [40]. It has been previously
suggested that frailty also firmly relates to functional status
[41]. We defined the effectiveness of ATs as the capability to
positively impact issues related to autonomy, communication,
and/or safety. These three areas of impact were chosen by an
expert committee within the project Future City Ulm 2030,
which aims to design a holistic and sustainable urban
environment with the inclusion of digital solutions such as ATs.
RCTs are widely considered to be the gold standard for
effectiveness research, providing the highest level of evidence
for causality [42]. The analysis in this review was based on this
concept. Three research questions were defined:

RQ1: What are the primary measures used to evaluate ATs?

RQ2: What types of ATs have effectively influenced autonomy,
communication, and/or safety in adults aged 65 years and older?

RQ3: What influence does frailty have on the effectiveness of
an AT?

Methods

Design
A systematic literature review was performed using the
guidelines from the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement [43] (see
the PRISMA Checklist in Multimedia Appendix 1). The analysis
was based on a protocol published in the PROSPERO register
under registration number CRD42019130249.

Search Strategy
The following databases were searched: Ovid Medline,
PsycINFO, SocIndex, CINAHL (Cumulative Index to Nursing
and Allied Health Literature), CENTRAL (Cochrane Central
Register of Controlled Trials), and IEEEXplore. The search
string was composed of three parts, focusing on age,
methodology, and technology, respectively, combined by the
operator AND. The three parts were (1) a previously published
search filter for geriatric medicine [44], adapted slightly for the
purpose of this study; (2) a sensitivity- and
precision-maximizing version of the Cochrane RCT filter in the
Ovid format [45]; and (3) a string for technology developed
with experts and terms used for AT identified through other
related systematic reviews [28,37,46]. The complete search
string in the Ovid syntax is provided in Multimedia Appendix
2; the string was adapted to fit the requirements of other
databases. Searches were performed on March 15, 2019, and
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all records were imported to the web-based software Covidence
for screening. Reference lists of the selected studies and other
systematic reviews on the topic were screened for additional
records.

Inclusion and Exclusion Criteria
Eligible for inclusion were peer-reviewed studies published in
English or German between January 1, 2009, and March 15,
2019, reflecting the momentum that research on the effectiveness
of AT has gained in the last decade. The date restriction was
the only filter used in the database search. We included
technologies that can assist with issues regarding autonomy,
communication, or safety. Other inclusion criteria were (1) a
study population with a mean age of 65 years or higher; (2) the
study design being an RCT, including a control group with no
intervention, an alternative intervention, or a placebo device;
(3) the home of the senior, a residential facility, a nursing home,
or similar as the study setting; and (4) any sort of technical,
socioeconomic, ethical, or medical outcome measuring the
impact of the technology on stakeholders (eg, patients, relatives,
nurses, physicians).

Exclusion criteria were (1) studies performed in a laboratory
setting; (2) studies analyzing robotics, virtual reality,
telemedicine, or lifestyle interventions or technologies for
rehabilitative or therapeutic purposes; (3) technologies
demanding regular involvement of formal or informal
caregivers; and (4) applications that have to be used in periodic
training units. These exclusion criteria were selected to focus
the analysis on technologies that are affordable and usable for
the target population in their daily life without external support
from relatives, caregivers, or medical staff.

Data Extraction and Analysis
Two authors (MLF and VM) independently screened all records
and the studies selected for full-text analysis. Discrepancies
were discussed and a third person was consulted, if necessary,
until consensus was reached. Data extraction was carried out
independently by both authors. The effectiveness of devices
was recorded by extracting outcome data and statistical
significance for primary outcome measures (P<.05). RCTs with

a crossover design were individually analyzed for potential
carryover effects by three authors (MLF, VM, and MD) (see
Multimedia Appendix 3). If a serious impact was expected, only
the first part of the study until the crossover was considered to
ensure comparability with noncrossover trials. In semicrossover
or delayed-start trials, where the control group switches to the
intervention after a predefined period, only the first study phase
was analyzed, making such studies identical to RCTs with a
parallel-group design.

In cases of missing data, authors were contacted via email up
to twice. The study population’s frailty status was categorized
retrospectively according to their functional level into one of
the four following categories: not impaired/independent
(nonfrail), slightly impaired (prefrail), significantly impaired,
and severely impaired/disabled (frail) [41]. A risk of bias (RoB)
analysis was performed according to the Cochrane RoB tool to
judge the quality of the selected studies [47]. Funding and the
recruitment process were also assessed. Due to the heterogeneity
of interventions and outcomes, it was not possible to perform
a meta-analysis. A qualitative synthesis and a narrative review
were performed to interpret study results and draw conclusions.
To identify additional insights, subgroups according to frailty
status and device category were considered. Figures were created
using Microsoft PowerPoint and Excel for Mac Version 16.35.

Results

Included Studies
After removal of duplicates, the search yielded 11,399 records.
No articles were identified through other sources as described
above. A total of 54 full texts were assessed for eligibility, 21
of which were included in the review (Figure 1). Reasons for
exclusion of full texts were (1) the kind of intervention (such
as the evaluation of training sessions or the use of therapeutic
devices; n=10), (2) a study protocol without full publication
(n=6), (3) the patient population being too young (n=6), (4) a
different setting (mostly laboratory, n=6), and (5) a different
study design (n=6) (also see Multimedia Appendix 4). The 21
records covered 19 individual trials with a total study population
of 1768 participants.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram for the study selection process.

Description of Studies
Table 1 summarizes data on the design and participants of the
19 studies included in the analysis. The articles were published
between 2010 and 2018. The trend shows an increase in research
output across 2017 and 2018, the years with the highest number
of publications respectively (n=4). Overall, most studies were
conducted in Europe (n=10), followed by five studies from the
United States. Among the 19 studies, 10 were confirmatory
RCTs and the rest were pilot or feasibility RCTs. Most studies
employed a regular parallel-group design. Two studies were
conducted using a delayed-start/semicrossover approach [23,48]
and five studies employed a crossover design [8,11,14,24,27].
Of those five, two trials were judged to have a low risk of
carryover, one studying an electronic vision enhancement system
[24] and the other evaluating the benefit of video calls versus
regular phone calls for patients with dementia [8].

Having a mean age ≥65 years as an inclusion criterion for our
search, there were still large differences in the inclusion criteria

at the study level: ≥18 years in three studies [13,14,24], 45-90
years in one study [17], 55-79 years in one study [49], ≥60 years
in one study [11], and ≥65 years in six studies [7,23,50-53]. The
other seven trials did not have age as an inclusion criterion but
targeted conditions present specifically in older adults, such as
cardiovascular conditions, dementia, or being a senior housing
resident [6,8,12,22,27,48,54]. Table 1 provides the mean (SD)
age for each study stratified by intervention and control group.

Most studies had participants’ homes as their study site (n=14).
The investigation period varied from 1 month [8,11,14,17] to
12 months [7,22,23]. The largest trial included 203 study
participants [52]. The mean ages of study populations ranged
from 68.9 years to 87.8 years. Only one study assessed frailty
at baseline based on the Fried Frailty Score [53]. Frailty could
be estimated retrospectively for six other studies
[7,14,22,23,50,54]. On average, the frailty levels were found to
be slightly impaired/prefrail (n=4), significantly impaired/frail
(n=1), and severely impaired/frail (n=1) (Table 2).
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Table 1. Overview of included studies, describing the study design and participants.

Study participantsStudy designCountryYearStudy

Age (years), mean (SD)Participants

randomized, n

SettingGroup designStudy
type

CGbIGa

81.2 (9.3)80.8 (9.0)203HomeParallel groupFullNetherlands2012Scheffer et al
[52]

72.9 (6.0)70.9 (8.0)102HomeParallel groupFullSpain2014Mira et al [50]

76.0 (7.0)75.0 (8.0)82HomeParallel groupFullSweden2015Hägglund et al
[54]

69.5 (6.7)68.9 (5.9)163HomeParallel groupFullUnited States2017Humes et al
[49]

86 (8.0)83.6 (9.4)171Nursing homeParallel groupFullUnited States2017Rantz et al [22]

77.077.0197HomeParallel groupFullSingapore2018Ong et al [51]

70.5 (10.5)71.5 (12.2)54HomeDelayed-startFullUnited States2016Levine et al
[48]

82.3 (7.2)83.0 (6.2)51HomeDelayed-startFullFrance2017Adrait et al
[23]; Nguyen et
al [55]

70.4 (8.7)71.5 (11.3)42HomeCrossovercFullUnited Kingdom2010Elston et al [14]

72.94
(16.63)

69.79
(19.97)

100HomeCrossoverdFullUnited Kingdom2017Bray et al [24];
Taylor et al [56]

85.3 (6.3)87.8 (6.5)96HomeParallel groupPilotFrance2013Tchalla et al [7]

69.6 (11.3)69.0 (10.6)60HomeParallel groupPilotUnited States2014Goldstein et al
[17]

71.1 (13.0)68.9 (13.2)134HomeParallel groupPilotUnited States2016Lam et al [12]

69.7 (10.2)69.3 (9.7)63HomeParallel groupPilotHong Kong2016Or and Tao [13]

83.1 (7.1)84.3 (5.6)54Nursing homeParallel groupPilotNetherlands2018Lauriks et al [6]

80.9 (7.0)79.9 (5.5)86Home and nurs-
ing home

Parallel groupPilotNetherlands2018Schoon et al
[53]

69.4 (4.8)69.4 (4.8)77HomeCrossovercPilotAustria2013Brath et al [27]

86.0 (5.2)86.0 (5.2)16Nursing homeCrossovercPilotAustralia2015Davison et al
[11]

86.7 (range
83.0- 93.0)

86.7 (range
83.0-93.0)

17Nursing homeCrossoverdPilotAustralia2016Van der Ploeg
et al [8]

aIG: intervention group.
bCG: control group.
cCrossover study with expected carryover effect.
dCrossover study without expected carryover effect.
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Table 2. Frailty assessment.

FrailtyStudy

Frailty statusaScale

Slightly impaired (prefrail)Barthel ADLbMira et al [50]

Slightly impaired (prefrail)Short-Form 36 PhysicalHägglund et al [54]

Severely impaired (frail)Gait speedcRantz et al [22]

Significantly impaired (frail)Lawton-IADLdAdrait et al [23]; Nguyen et al [55]

Slightly impaired (prefrail)Gait speedElston et al [14]

Slightly impaired (prefrail)Lawton-IADLeTchalla et al [7]

18.6% of participants frail at baselineFried Frailty ScoreSchoon et al [53]

aCategorized according to a method proposed by Brefka et al [41], except for Schoon et al [53].
bADL: activities of daily living.
cCollection of ADL and IADL also mentioned with no data reported but provided by the authors upon request.
dIADL: instrumental activities of daily living.
eTimed-Up-and-Go test also performed with inconclusive results.

Types of ATs and Effectiveness

Overview
The 19 selected trials evaluated devices representing the
following six domains: (1) mobility (n=5 [6,7,14,52,53]), (2)
personal disease management (n=5 [13,22,48,51,54]), (3)
medication (n=4 [12,17,27,50]), (4) mental support (n=2 [8,11]),
(5) hearing (n=2 [23,49]), and (6) vision (n=1 [24]). All devices
addressed at least one of the areas of autonomy, safety, or
communication. An overlap was noticeable in the categories
mobility and medication with devices targeting both autonomy
and safety issues (Table 2). Interventions, controls, and primary
outcomes studied in the included trials are presented in Table
2.

Mobility
Significant effectiveness was only reported in a pilot study for
a nightlight path, which reduced falls among older people
classified as slightly impaired/prefrail who had mild and
moderate Alzheimer disease (odds ratio 0.73, 95% CI 0.15-0.88)
[7]. Home automatization for people with dementia living in
group homes [6], a mobile safety alarm with a drop sensor for
community-dwelling older persons [52], and a gait-speed
monitoring and feedback device for older people at risk for
falling [53] were not effective. In a crossover study on the use
of a metronome to improve QoL in individuals classified as
slightly impaired/prefrail who were suffering from Parkinson
disease, no evidence of effectiveness could be shown. The
authors reported the possible impact of a carryover effect, which
we agree with. Unfortunately, separate data were not reported
for the first part of the study and could not be obtained from
the authors [14].

Personal Disease Management
A system consisting of a tablet computer connected to a patient
scale was effective for participants classified as slightly
impaired/prefrail who had heart failure. Both primary endpoints,
the effect on self-care behavior and health-related QoL,

improved in the intervention group after a 90-day trial. System
adherence was high with a median of 88% (IQR 78%-96%)
[54]. In a semicrossover trial of a device reminding participants
suffering from type 2 diabetes to perform self-monitoring of
blood glucose, between-group comparison did not show
improved levels of glycated hemoglobin. However, participants
in the intervention group experienced a statistically significant
decrease. Furthermore, the intervention group missed 6% of
their measures and the control group missed 22% of measures,
representing a statistically significant difference [48]. In another
study, a medical alert protection system for older persons living
alone was found to be effective in reducing the length of stay
for hospital admissions. However, the number of emergency
department visits and hospitalizations could not be significantly
reduced [51]. In a pilot RCT evaluating the effect of a tablet
computer–based self-monitoring system for older people
suffering from type 2 diabetes and/or hypertension, systolic
blood pressure was significantly more reduced in the
intervention group compared with the control group. No
significant differences were observed for diastolic blood
pressure, blood glucose, glycated hemoglobin, chronic disease
knowledge, and monitoring frequency. The within-group
comparison showed a significant improvement of diastolic blood
pressure in the intervention group (∆=–5.7, 95% CI –9.3 to
–2.2). Approximately 30% (9/33) of participants in the
intervention group reported technical problems [13]. An
environmentally embedded sensor system for early illness alerts
was not effective for a severely impaired/frail population [22].

Medication
A study of a tablet-based app for medication self-management
reported a significant improvement in adherence as well as the
number of missed doses (27.3% reduction in the intervention
group) in a slightly impaired/prefrail population. A reduction
of medication errors was only found for patients with a higher
error rate prior to the study. Although the mean satisfaction
score with the AT in the intervention group was high (8.5 out
of 10), 59% (30/51) of intervention group participants required
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assistance using the AT and almost 12% (6/51) stated that the
device did not help at all [50]. In a trial evaluating a “talking
pill bottle,” informing hypertensive adults with low health
literacy about the correct administration and dosage of their
medication, no between-group effect but a significant reduction
in blood pressure within the intervention group was reported.
Additionally, a vast majority of participants found the device
easy to use (63/68, 93%) and many agreed that it helped them
to understand (77%) and correctly take their medication (74%)
[12]. Two telemedical medication reminders (smartphone and
pillbox) did not improve medication adherence [17]. A crossover
trial of electronic blisters with an expected carryover did not
report significant results [27].

Mental Support
A multimedia device with personalized music, videos, messages,
and pictures installed by family members was tested in a pilot
sample of 11 nursing home residents. Almost half of the
participants needed assistance operating the device due to
limited sensory or cognitive abilities. Nevertheless, staff and
family members agreed they would recommend the AT for
residents with dementia. During the 2-month crossover period,
depression and anxiety were significantly reduced in the
intervention group. However, a carryover effect seems likely,
and no data are available for the precrossover phase of the study
[11]. In the second study, video calls with family members were
not effective in reducing agitation in nursing home residents
with dementia [8]. A retrospective analysis of frailty was not
possible for the studies evaluating ATs for mental support.

Hearing
Humes et al [49] compared the best-practice service for hearing
aids to an over-the-counter and a placebo device, and found that
both the best-practice and the over-the-counter device did
effectively benefit participants. Only participants testing the
best-practice device showed greater satisfaction than the placebo
group. No differences in usage (hours/day) were detected among
the groups [49]. In another RCT, hearing aids did not

significantly improve dementia-related symptoms or QoL in
older adults classified as significantly impaired/frail or benefit
their caregivers [23,55].

Vision
A portable electronic vision enhancement system was compared
to conventional optical magnifiers in a crossover trial that was
published in two articles [24,56]. The authors did not report
separate data for the first study phase before the crossover.
However, a carryover effect was not expected in this study.
Near-vision visual function was significantly improved (∆=0.57,
95% CI 0.33-0.81) [24]. Although reading speed did not
significantly increase when using the portable device, the
researchers significantly associated the accessibility of smaller
print sizes and the ease of carrying out other tasks with the
portable device. When considering frequency of use, the study
participants seemed to prefer optical low-vision aids to the
electronic system (unstandardized effect size estimate –0.93,
95% CI –1.29 to –0.57) [56]. An economic evaluation was also
performed, and the authors concluded that the AT was a
cost-effective way to improve near-vision visual function with
an incremental cost-effectiveness ratio of US $997.12 (95% CI
US $651.89-2066.92) per unit. Improvements in QoL did not
prove cost-effective [24]. A retrospective analysis of frailty was
not possible for these studies evaluating ATs supporting vision.

Evaluation of Risk of Bias of the Included Studies
Figure 2 and Figure 3 show the results of the RoB analysis. In
four categories, we considered more than 30% of the studies to
have a high RoB due to issues in blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, and recruitment bias. The crossover studies had a lower
RoB. In three studies, analyzing a medication self-management
app [50], electronic vision enhancement system [24,56], and
multimedia device for people with dementia [11], no category
was judged to have a high RoB (Figure 3). All studies had
incomplete reporting for at least one category. A full RoB
assessment was therefore not possible.

Figure 2. Judgment of risk of bias categories for each included study presented as percentages across all included studies.
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Figure 3. Judgment of risk of bias categories for each included study, ordered by assistive technology category and publication year.

From the available information, it appears that testing an AT
often purports difficulties with blinding participants and
personnel. Nevertheless, unblinded studies are considered to
have a higher RoB. In six studies, outcome assessors were not
blinded, although it would have been possible
[6,7,12,17,22,48,54]. These studies were thus judged to have a
high RoB. Several studies had missing data or skewed dropout
rates, and were thus considered to be at high RoB for incomplete
outcome reporting [14,22,23,27,51,53,54]. The recruitment
process was deemed to be sufficient in most studies. For six
studies, it was judged that there was a high risk for the study
population not being representative of the target population
[8,17,22,48,49,52]. Only one study was judged to have a high
RoB due to funding. The rationale for this decision was that the
manufacturing company of the devices tested was the study
sponsor and had a major influence on the study design [27].

Outcome Assessment
A total of 70 primary outcome measures were extracted from
the 19 trials (Table 3 and Multimedia Appendix 5). ATs were
evaluated using measures focusing on efficacy (n=30),
functionality (n=8), mental status (n=8), QoL (n=7),
health-related impact (eg, knowledge, behavior; n=5), usability
(n=5), effect on caregivers (n=5), and economic aspects (n=2).
The two trials with two publications each reported the largest
diversity of measures with five (QoL, functionality, mental
status, health impact, caregivers) [23,55] and four (QoL,
efficacy, usability, economic) [24,56] outcome categories
covered, respectively. The highest overall number of primary
outcomes was collected by two studies with eight measures,
respectively [6,22].
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Table 3. Overview of interventions, domain(s) of interest, and outcomes studied in the included trials.

(Primary) outcome(s)aDomain(s) of
interest

ControlInterventionStudy

CdScAb

Mobility

Parkinson disease mobility, QoL✓✓Usual medicationMetronome for the improve-

ment of QoLe in people with
Parkinson disease

Elston et al [14]

Frequency of going outside✓✓No mobile safety alarmMobile safety alarm with a drop
sensor for community-dwelling
older persons

Scheffer et al [52]

Fall incidence✓No nightlight pathNightlight path for patients
with Alzheimer disease

Tchalla et al [7]

QoL (self-rated, observed by care-
giver); assessment of need for

✓No assistive home tech-
nology

Assistive home technology for
people with dementia living in
group homes

Lauriks et al [6]

older persons; number and location
of fall incidents; use of restraints;
caregiver job satisfaction, work-
load, and general health

Subjective general health and
mental well-being; number of

✓✓No gait speed monitoringGait speed monitoring and
feedback device for older peo-
ple at risk for falling

Schoon et al [53]

weekly measurements (compli-
ance); fall incidence; incidence of
injurious falls; fear of falling

Personal disease management

Heart failure self-care behavior;
health-related QoL

✓Standard heart failure in-
formation

Home intervention system for
patients with heart failure

Hägglund et al [54]

Glycated hemoglobin level; fre-
quency of self-monitoring of blood
glucose

✓✓No automated self-man-
agement monitor for
blood glucose

Automated self-management
monitor for blood glucose for
low-income seniors

Levine et al [48]

Glycated hemoglobin level; fasting
blood glucose level; blood pres-

✓✓Conventional self-moni-
toring method

Tablet computer–based self-
monitoring system for type 2
diabetes mellitus and/or hyper-
tension

Or and Tao [13]

sure; diabetes/ hypertension
knowledge; self-monitoring fre-
quency

Walking speed; GAITRitef; QoL;

depression; mental state; ADLg

and IADLh; hand grip

✓Usual careNonwearable sensor system to
monitor the status of older per-
sons

Rantz et al [22]

Emergency department visits;
number of hospitalizations; total
length of stay for admitted patients

✓Telephone follow-upMedical alert protection system
for older people living at home
alone

Ong et al [51]

Medication

Medication adherence✓Standard medication
blisters, routine care,

Mobile health–based electronic
medication blisters for patients
with diabetes

Brath et al [27]

handwritten medication
intake diaries

Medication adherence✓✓Silent pillbox or silent
smartphone

Telemedicine medication re-
minder systems: electronic
pillbox, smartphone app for
older adults with heart failure

Goldstein et al [17]

Self-perceived health status; medi-
cation adherence; medication er-
rors; missed doses

✓✓Oral and written informa-
tion on safe medication
use

Medication self-management
app for older adults taking
multiple medications

Mira et al [50]

Self-efficacy for appropriate med-
ication use; medication adherence;

✓✓Usual careTalking pill bottle for patients
with hypertension

Lam et al [12]

refill adherence; medication
knowledge; blood pressure
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(Primary) outcome(s)aDomain(s) of
interest

ControlInterventionStudy

CdScAb

Mental support

Agitation; depression in dementia;
anxiety in dementia

✓Social control: weekly
30-min visits from re-
searchers (reading, dis-
cussing things)

Personalized multimedia device
for people with dementia

Davison et al [11]

Agitation; call duration✓Landline telephoneInternet video chat (Skype) for
nursing home residents with
dementia

Van der Ploeg et al [8]

Hearing

Neuropsychiatric symptoms;
IADL

Alzheimer disease– related QoL;
caregiver QoL; patient and caregiv-
er health profile; Alzheimer dis-
ease cognition

✓Inactive hearing aidActive hearing aid for patients
with Alzheimer disease

Adrait et al [23]; Nguyen et
al [55]

Hearing aid performance and ben-
efit

✓Placebo deviceBest-practice hearing aid and
over-the-counter models

Humes et al [49]

Vision

Near-vision visual function; vi-
sion-related QoL; cost-effective-
ness and cost-utility; maximum
reading speed; frequency of use

✓Optical magnifiersPortable electronic vision en-
hancement system for people
with visual impairments

Bray et al [24]; Taylor et al
[56]

aIf no distinction between primary and secondary outcomes was made, all outcomes are listed.
bA: autonomy.
cS: safety.
dC: communication.
eQoL: quality of life.
fAutomatic measurement of certain variables (eg, velocity, step length) while participants walk across the GAITRite Mat.
gADL: activities of daily living.
hIADL: instrumental activities of daily living.

Unfortunately, six outcome measures from crossover studies
with expected carryover could not be analyzed due to a lack of
data for the first phase of the study. Of the remaining 64
outcomes, 13 (20%) showed a significantly positive effect of
the AT in the categories efficacy, usability, and QoL. However,

considering the RoB, seven of those outcomes, covering all
three categories, might be impacted [7,13,48,49,51,54] (Table
4). More detailed data on individual quantitative outcomes (test
statistics, effect sizes, significance levels) can be found in
Multimedia Appendix 5.
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Table 4. Statistically significant outcome measures including a judgment of high risk of bias (RoB).

Reason for high RoBOutcome categoryOutcome measure

Not applicable (no high RoB)Bray et al [24]; Taylor et al [56]

EfficacyNear-vision visual function

QoLVision-related QoLa

UsabilityFrequency of use

EconomicCost-effectiveness (near-vision visual function vs carer and interven-
tion costs)

No blinding; all dropouts in IGbHägglund et al [54]

EfficacyHeart failure self-care behavior

QoLbHealth-related QoL

Per-protocol analysis; recruitment through
newspaper ads

EfficacyHearing aid performance/benefit (Humes et al [49])

No blinding; risk of recruitment bias
(people who refused to participate were
older, had lower glycated hemoglobin
levels, and were less likely to be African
American)

UsabilityUsage frequency (Levine et al [48])

Not applicable (no high RoB)Mira et al [50]

EfficacyMedication adherence

EfficacyMedication errors

No blinding (allocation was discussed with
the participants); very high dropout rates

in IG (32% vs 1% in the CGc), resulting
in a change in the IG:CG ratio from 1:1
to 1:3

EfficacyTotal length of stay for admitted patients (Ong et al [51])

No blindingEfficacyDecrease of diastolic blood pressure (Or and Tao [13])

No blindingEfficacyFall incidence (Tchalla et al [7])

aQoL: quality of life.
bIG: intervention group.
cCG: Control group.

Discussion

Principal Findings
To our knowledge, this systematic review is the first to collect
and synthesize evidence exclusively from RCTs evaluating the
effectiveness of ATs for older adults in a realistic living
environment (ie, no laboratory setting), taking into account
participants’ frailty status. More than 11,000 records were
identified from a broad range of databases with different focuses.
Only 19 RCTs fulfilled the inclusion criteria. The selected trials
were very heterogeneous with respect to the ATs applied as
well as the outcomes, which made it difficult to summarize the
evidence [57]. Our analysis did not provide strong confirmation
for the overall effectiveness of AT in older adults. Only personal
disease management apps seem to be promising for this
population.

Many older citizens wish to remain independent and continue
living at home for as long as possible [58]. The hope is that AT
can support this goal, positively impacting QoL, reducing health
care utilization, and relieving caregivers [2]. The results of this

review suggest some effectiveness of personal disease
management apps. Four of the five personal disease management
trials showed a significant improvement in self-care and
monitoring of health- or disease-related indicators [13,48,51,54],
effectively influencing safety and, in some cases, autonomy
(related to RQ2). A recent review investigated the effectiveness
of mobile health apps for blood pressure management in
populations with digital barriers, among other older adults. The
authors confirmed the promise of ATs for chronic disease
management but also emphasized the need for more studies
including vulnerable populations [57]. The willingness for and
success of AT-supported self-management can also be dependent
on the disease [59]. This could not be confirmed, as our analysis
did not provide any additional insights for the effectiveness of
personal disease management when stratifying by disease.

Considering other existing research, hearing aids seem to be an
effective way to improve the domain of communication in adults
aged 65 years and older [49,60,61]. With respect to other
devices, the study evaluating a portable vision enhancement
system reported an effective improvement due to the AT, but
the authors stated that no other comparable evidence supported
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these results [24]. Further research is needed in all categories
for a more reliable assessment.

Regarding frailty of older adults (RQ3), only one study included
this population characterization in their evaluation of a gait
speed feedback device [53]. Although no significant
effectiveness could be shown, similar compliance and success
rates for frail participants were found, suggesting that this
mobility-supporting device can also be appropriate for this
subgroup. We were able to retrospectively estimate the frailty
status for a total of 6 out of the 19 studies (Table 2). However,
some instruments used might not be ideal for the estimation of
frailty, as they are influenced by the underlying disease of the
study population [14,23]. In studies where, on average,
participants were categorized to have significant or severe
impairment (frailty), the AT did not show any effectiveness.
As an example, out of the five personal disease management
trials, only the one including participants categorized as severely
impaired/frail did not show significant results in terms of
improvement [22]. Additionally, ATs were also not effective
in the four studies that were conducted in nursing homes.
Overall, nursing home residents are known to be more
dependent, with a high prevalence of frailty [40,53].

Altogether, our results indicate that ATs might not yet suitably
address the needs of frail older adults. A possible explanation
is the fact that ATs are not usually developed with the specific
needs of this population in mind. A recent systematic review
on the use of communication technologies to improve social
well-being in older adults found that more off-the-shelf products
exist than devices designed specifically for older adults [62].
A qualitative study on the use of AT by frail older people
showed specific needs of this subgroup when becoming users
of AT, such as prescription support, training, and follow-ups
[36]. This highlights that frail older adults might face specific
challenges when using AT that could affect the performance of
such technologies. Further research should focus more on this
vulnerable group, including measures of frailty for the study
populations.

We also showed that the evaluation of an AT is usually
unidimensional (RQ1). Many factors, especially social,
economic, or ethical aspects, are hardly investigated [29]. For
example, only two studies analyzed in this review evaluated the
impact of the AT for formal caregivers, showing no
improvement for their working conditions or health [6,23]. Two
trials considered economic aspects of ATs [22,24]. Ethical
challenges have not been taken into account at all, despite their
importance for data management issues and in the setting of
smart housing technology [29,63].

The unclear findings on the effectiveness of ATs for older adults
align with those of other systematic literature reviews on the
topic [18,28-30,62]. Our strict inclusion and exclusion criteria,
especially the requirements for the type of technology, mean
age, and setting, resulted in the inclusion of 19 RCTs in the
final analysis. Almost half of the studies included were pilot or
feasibility trials. This shows that there is still a lack of research
addressing the use of ATs for older adults at home or in similar
settings [57,62,64]. A crossover design, where the control group
changes to the intervention after a predefined period, was found

to be commonly used when evaluating ATs. Possible reasons
for this could be the easier recruitment as every participant can
test the device, which might also lead to a reduction of dropout
numbers due to an increased motivation to remain in the study.
However, the average dropout rates were similar among the two
RCT types (parallel design: 13.8%; crossover design: 12.6%).
In this context, three studies with a regular parallel-group design
reported noticeably higher dropout rates in the intervention
group and were judged to have a high RoB for incomplete
outcome data [51,53,54]. The retraction of consent and
complexity of ATs were mentioned as possible reasons for this.
Several records were excluded because they evaluated ATs in
a laboratory setting. To gain insightful and reliable evidence on
the actual effectiveness of AT, it is necessary to evaluate the
devices being used by older persons within a realistic setting
[57]. The challenges that arise in terms of ethical, economic,
and logistic issues when performing studies with older adults
in their own homes are part of the reason for the current lack
of research [35,65].

Limitations
There is a lack of a uniform definition concerning ATs for older
people. This makes searching for and selecting suitable studies
difficult, and increases the risk of missing relevant research.
The search string resulted in almost 11,400 records. Only 19
were selected for the review, indicating an insufficient precision
caused on the one hand by the lack of standardized terminology
and on the other hand by the vast amount of existing literature
evaluating AT in clinical settings rather than in the home
environment. Additionally, the technologies considered in this
analysis are heterogenous, thus limiting the possibilities for
analysis, in particular the performance of a GRADE (Grading
of Recommendations, Assessment, Development and
Evaluations) assessment to rate the certainty of evidence as
suggested by the Cochrane Collaboration. The number of trials
per device type is not sufficient to form a definite conclusion
of the effectiveness of AT. When the analysis for this review
was performed, the new RoB 2 tool from the Cochrane
Collaboration [66] was still undergoing pilot testing, and
therefore we used the original RoB tool, first published in 2008
[47], for our analysis. Although the mean age of participants
across all trials was 76.3 years, six identified trials included
participants below the age of 65 years. Unfortunately, the
authors did not present a stratified analysis by age, thus limiting
the generalizability of the results to the older population.

Conclusion
Researchers, politicians, and health care professionals across
the globe have high hopes for AT to support older adults. Many
devices are freely available on the market and are often used
even though the effectiveness is not supported by current
research, as shown in this review. The number of available
RCTs evaluating ATs in older populations is limited and many
only include a small number of study participants. Further
studies with larger, well-characterized samples of older adults
are necessary to allow for further stratification (eg, for frailty).
Additionally, it is important to expand the focus and include
economic, social, ethical, and technological aspects besides the
medical outcomes. Formal and informal caregivers may, in
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some cases, benefit from AT even more than the older adults
themselves and should therefore be included in future studies.
The new Medical Devices Regulation of the European Union
includes stricter controls and requires an evaluation of all
medical devices before certification. In this context, our review

intends to add value by identifying the current gaps in the
literature, emphasizing the importance of addressing several
health-related dimensions while taking into account the
heterogeneity of older adults by providing a good
characterization of the participants with respect to frailty.

Acknowledgments
This study was partially supported through funds from the German Federal Ministry of Education and Research for the project
Future City 2030 (grant 13ZS0054A). The funding party neither influenced the study design, data collection, analysis, or
interpretation nor the writing of the manuscript.

Authors' Contributions
MLF, MD, and DD developed the study design and determined the inclusion and exclusion criteria. MLF and VM developed
and tested the search strategy, independently screened the records, and selected the final trials to be included in the analysis. MLF
and VM extracted the data and performed the RoB analysis. MD and DD were consulted in case of discrepancies. SB assisted
with the frailty assessment. MLF prepared the manuscript and all authors read and commented on the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA Checklist.
[PDF File (Adobe PDF File), 97 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Search string.
[PDF File (Adobe PDF File), 40 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Crossover vote.
[PDF File (Adobe PDF File), 43 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Excluded articles based on full-text review.
[XLSX File (Microsoft Excel File), 14 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Quantitative outcome data.
[PDF File (Adobe PDF File), 296 KB-Multimedia Appendix 5]

References

1. Population projections. eurostat. 2019. URL: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=proj_19np&lang=en
[accessed 2020-05-28]

2. Soar J, Seo Y. Health and aged care enabled by information technology. Ann N Y Acad Sci 2007 Oct;1114:154-161. [doi:
10.1196/annals.1396.040] [Medline: 17986580]

3. Fischer SH, David D, Crotty BH, Dierks M, Safran C. Acceptance and use of health information technology by
community-dwelling elders. Int J Med Inform 2014 Sep;83(9):624-635 [FREE Full text] [doi: 10.1016/j.ijmedinf.2014.06.005]
[Medline: 24996581]

4. Bäccman C, Bergkvist L. Welfare technology and user experience: a study of seniors' expectations on and first impressions
of a robotic shower. 2019 Presented at: 52nd Hawaii International Conference on System Science; January 8-11, 2019;
Grand Wailea, Hawaii URL: http://hdl.handle.net/10125/59867 [doi: 10.24251/HICSS.2019.519]

5. Guitard P, Sveistrup H, Fahim A, Leonard C. Smart grab bars: a potential initiative to encourage bath grab bar use in
community dwelling older adults. Assist Technol 2013;25(3):139-148. [doi: 10.1080/10400435.2012.732654] [Medline:
24020152]

JMIR Aging 2022 | vol. 5 | iss. 2 | e31916 | p. 13https://aging.jmir.org/2022/2/e31916
(page number not for citation purposes)

Fotteler et alJMIR AGING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=aging_v5i2e31916_app1.pdf&filename=ddf7eab0ebc40c5b564d7f1c2708b863.pdf
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app1.pdf&filename=ddf7eab0ebc40c5b564d7f1c2708b863.pdf
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app2.pdf&filename=4c20e771c50f5053ca6209101e570680.pdf
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app2.pdf&filename=4c20e771c50f5053ca6209101e570680.pdf
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app3.pdf&filename=6359dfaa0d637e1afb598e6ec66ff888.pdf
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app3.pdf&filename=6359dfaa0d637e1afb598e6ec66ff888.pdf
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app4.xlsx&filename=49b4e9598f47034a3c81acdc14cd1fc1.xlsx
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app4.xlsx&filename=49b4e9598f47034a3c81acdc14cd1fc1.xlsx
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app5.pdf&filename=2c4d7eff6802f047969b5615a1844b83.pdf
https://jmir.org/api/download?alt_name=aging_v5i2e31916_app5.pdf&filename=2c4d7eff6802f047969b5615a1844b83.pdf
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=proj_19np&lang=en
http://dx.doi.org/10.1196/annals.1396.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17986580&dopt=Abstract
http://europepmc.org/abstract/MED/24996581
http://dx.doi.org/10.1016/j.ijmedinf.2014.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24996581&dopt=Abstract
http://hdl.handle.net/10125/59867
http://dx.doi.org/10.24251/HICSS.2019.519
http://dx.doi.org/10.1080/10400435.2012.732654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24020152&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Lauriks S, Meiland F, Osté JP, Hertogh C, Dröes RM. Effects of assistive home technology on quality of life and falls of
people with dementia and job satisfaction of caregivers: Results from a pilot randomized controlled trial. Assist Technol
2020 Sep 02;32(5):243-250. [doi: 10.1080/10400435.2018.1531952] [Medline: 30592439]

7. Tchalla AE, Lachal F, Cardinaud N, Saulnier I, Rialle V, Preux P, et al. Preventing and managing indoor falls with home-based
technologies in mild and moderate Alzheimer's disease patients: pilot study in a community dwelling. Dement Geriatr Cogn
Disord 2013;36(3-4):251-261. [doi: 10.1159/000351863] [Medline: 23949277]

8. Van der Ploeg ES, Eppingstall B, O'Connor DW. Internet video chat (Skype) family conversations as a treatment of agitation
in nursing home residents with dementia. Int Psychogeriatr 2016 Apr;28(4):697-698. [doi: 10.1017/S1041610215001854]
[Medline: 26560943]

9. Jøranson N, Pedersen I, Rokstad AMM, Ihlebaek C. Change in quality of life in older people with dementia participating
in Paro-activity: a cluster-randomized controlled trial. J Adv Nurs 2016 Dec;72(12):3020-3033. [doi: 10.1111/jan.13076]
[Medline: 27434512]

10. Korchut A, Szklener S, Abdelnour C, Tantinya N, Hernández-Farigola J, Ribes JC, et al. Challenges for service
robots-requirements of elderly adults with cognitive impairments. Front Neurol 2017;8:228. [doi: 10.3389/fneur.2017.00228]
[Medline: 28620342]

11. Davison TE, Nayer K, Coxon S, de Bono A, Eppingstall B, Jeon Y, et al. A personalized multimedia device to treat agitated
behavior and improve mood in people with dementia: a pilot study. Geriatr Nurs 2016;37(1):25-29. [doi:
10.1016/j.gerinurse.2015.08.013] [Medline: 26412509]

12. Lam AY, Nguyen JK, Parks JJ, Morisky DE, Berry DL, Wolpin SE. Addressing low health literacy with "Talking Pill
Bottles": a pilot study in a community pharmacy setting. J Am Pharm Assoc 2017;57(1):20-29. [doi:
10.1016/j.japh.2016.07.003] [Medline: 27777076]

13. Or C, Tao D. A 3-month randomized controlled pilot trial of a patient-centered, computer-based self-monitoring system
for the care of type 2 diabetes mellitus and hypertension. J Med Syst 2016 Apr;40(4):81. [doi: 10.1007/s10916-016-0437-1]
[Medline: 26802011]

14. Elston J, Honan W, Powell R, Gormley J, Stein K. Do metronomes improve the quality of life in people with Parkinson's
disease? A pragmatic, single-blind, randomized cross-over trial. Clin Rehabil 2010 Jun;24(6):523-532. [doi:
10.1177/0269215509360646] [Medline: 20483888]

15. Ginis P, Heremans E, Ferrari A, Dockx K, Canning CG, Nieuwboer A. Prolonged walking with a wearable system providing
intelligent auditory input in people with Parkinson's disease. Front Neurol 2017;8:128. [doi: 10.3389/fneur.2017.00128]
[Medline: 28428770]

16. Tomasino KN, Lattie EG, Ho J, Palac HL, Kaiser SM, Mohr DC. Harnessing peer support in an online intervention for
older adults with depression. Am J Geriatr Psychiatry 2017 Oct;25(10):1109-1119 [FREE Full text] [doi:
10.1016/j.jagp.2017.04.015] [Medline: 28571785]

17. Goldstein CM, Gathright EC, Dolansky MA, Gunstad J, Sterns A, Redle JD, et al. Randomized controlled feasibility trial
of two telemedicine medication reminder systems for older adults with heart failure. J Telemed Telecare 2014
Sep;20(6):293-299 [FREE Full text] [doi: 10.1177/1357633X14541039] [Medline: 24958355]

18. Ekeland AG, Bowes A, Flottorp S. Effectiveness of telemedicine: a systematic review of reviews. Int J Med Inform 2010
Nov;79(11):736-771. [doi: 10.1016/j.ijmedinf.2010.08.006] [Medline: 20884286]

19. Góngora Alonso S, Hamrioui S, de la Torre Díez I, Motta Cruz E, López-Coronado M, Franco M. Social robots for people
with aging and dementia: a systematic review of literature. Telemed J E Health 2019 Jul;25(7):533-540. [doi:
10.1089/tmj.2018.0051] [Medline: 30136901]

20. Arlati S, Colombo V, Spoladore D, Greci L, Pedroli E, Serino S, et al. A social virtual reality-based application for the
physical and cognitive training of the elderly at home. Sensors (Basel) 2019 Jan 10;19(2):261 [FREE Full text] [doi:
10.3390/s19020261] [Medline: 30634719]

21. Maggio MG, Latella D, Maresca G, Sciarrone F, Manuli A, Naro A, et al. Virtual reality and cognitive rehabilitation in
people with stroke: an overview. J Neurosci Nurs 2019 Apr;51(2):101-105. [doi: 10.1097/JNN.0000000000000423]
[Medline: 30649091]

22. Rantz M, Phillips LJ, Galambos C, Lane K, Alexander GL, Despins L, et al. Randomized trial of intelligent sensor system
for early illness alerts in senior housing. J Am Med Dir Assoc 2017 Oct 01;18(10):860-870 [FREE Full text] [doi:
10.1016/j.jamda.2017.05.012] [Medline: 28711423]

23. Adrait A, Perrot X, Nguyen M, Gueugnon M, Petitot C, Collet L, ADPHA study group. Do hearing aids influence behavioral
and psychological symptoms of dementia and quality of life in hearing impaired Alzheimer's disease patients and their
caregivers? J Alzheimers Dis 2017;58(1):109-121. [doi: 10.3233/JAD-160792] [Medline: 28269769]

24. Bray N, Brand A, Taylor J, Hoare Z, Dickinson C, Edwards RT. Portable electronic vision enhancement systems in
comparison with optical magnifiers for near vision activities: an economic evaluation alongside a randomized crossover
trial. Acta Ophthalmol 2017 Aug;95(5):e415-e423. [doi: 10.1111/aos.13255] [Medline: 27682985]

25. Cowan DM, Turner-Smith AR. The user's perspective on the provision of electronic assistive technology: equipped for
life? Br J Occup Ther 1999 Jan 01;62(1):2-6. [doi: 10.1177/030802269906200102]

JMIR Aging 2022 | vol. 5 | iss. 2 | e31916 | p. 14https://aging.jmir.org/2022/2/e31916
(page number not for citation purposes)

Fotteler et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1080/10400435.2018.1531952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30592439&dopt=Abstract
http://dx.doi.org/10.1159/000351863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23949277&dopt=Abstract
http://dx.doi.org/10.1017/S1041610215001854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26560943&dopt=Abstract
http://dx.doi.org/10.1111/jan.13076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27434512&dopt=Abstract
http://dx.doi.org/10.3389/fneur.2017.00228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28620342&dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2015.08.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26412509&dopt=Abstract
http://dx.doi.org/10.1016/j.japh.2016.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27777076&dopt=Abstract
http://dx.doi.org/10.1007/s10916-016-0437-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26802011&dopt=Abstract
http://dx.doi.org/10.1177/0269215509360646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20483888&dopt=Abstract
http://dx.doi.org/10.3389/fneur.2017.00128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428770&dopt=Abstract
http://europepmc.org/abstract/MED/28571785
http://dx.doi.org/10.1016/j.jagp.2017.04.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28571785&dopt=Abstract
http://europepmc.org/abstract/MED/24958355
http://dx.doi.org/10.1177/1357633X14541039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24958355&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2010.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20884286&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2018.0051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30136901&dopt=Abstract
https://www.mdpi.com/resolver?pii=s19020261
http://dx.doi.org/10.3390/s19020261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30634719&dopt=Abstract
http://dx.doi.org/10.1097/JNN.0000000000000423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30649091&dopt=Abstract
http://europepmc.org/abstract/MED/28711423
http://dx.doi.org/10.1016/j.jamda.2017.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28711423&dopt=Abstract
http://dx.doi.org/10.3233/JAD-160792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28269769&dopt=Abstract
http://dx.doi.org/10.1111/aos.13255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27682985&dopt=Abstract
http://dx.doi.org/10.1177/030802269906200102
http://www.w3.org/Style/XSL
http://www.renderx.com/


26. Schülke AM, Plischke H, Kohls NB. Ambient assistive technologies (AAT): socio-technology as a powerful tool for facing
the inevitable sociodemographic challenges? Philos Ethics Humanit Med 2010 Jun 07;5:8 [FREE Full text] [doi:
10.1186/1747-5341-5-8] [Medline: 20529272]

27. Brath H, Morak J, Kästenbauer T, Modre-Osprian R, Strohner-Kästenbauer H, Schwarz M, et al. Mobile health (mHealth)
based medication adherence measurement - a pilot trial using electronic blisters in diabetes patients. Br J Clin Pharmacol
2013 Sep;76(Suppl 1):47-55. [doi: 10.1111/bcp.12184] [Medline: 24007452]

28. Khosravi P, Ghapanchi AH. Investigating the effectiveness of technologies applied to assist seniors: a systematic literature
review. Int J Med Inform 2016 Jan;85(1):17-26. [doi: 10.1016/j.ijmedinf.2015.05.014] [Medline: 26216463]

29. Holthe T, Halvorsrud L, Karterud D, Hoel K, Lund A. Usability and acceptability of technology for community-dwelling
older adults with mild cognitive impairment and dementia: a systematic literature review. Clin Interv Aging 2018;13:863-886.
[doi: 10.2147/CIA.S154717] [Medline: 29765211]

30. Chen YR, Schulz PJ. The effect of information communication technology interventions on reducing social isolation in the
elderly: a systematic review. J Med Internet Res 2016 Jan 28;18(1):e18 [FREE Full text] [doi: 10.2196/jmir.4596] [Medline:
26822073]

31. Mortenson WB, Pysklywec A, Fuhrer MJ, Jutai JW, Plante M, Demers L. Caregivers' experiences with the selection and
use of assistive technology. Disabil Rehabil Assist Technol 2018 Aug;13(6):562-567. [doi: 10.1080/17483107.2017.1353652]
[Medline: 28768438]

32. Tangcharoensathien V, Witthayapipopsakul W, Viriyathorn S, Patcharanarumol W. Improving access to assistive technologies:
challenges and solutions in low- and middle-income countries. WHO South East Asia J Public Health 2018 Sep;7(2):84-89
[FREE Full text] [doi: 10.4103/2224-3151.239419] [Medline: 30136666]

33. Larsen SM, Hounsgaard L, Johansson K, Kaae Kristensen H. Encounters between older adults and occupational therapists
during the assistive technology application process. Scand J Occup Ther 2020 May;27(4):280-288. [doi:
10.1080/11038128.2018.1550528] [Medline: 30663465]

34. Agree EM, Freedman VA, Cornman JC, Wolf DA, Marcotte JE. Reconsidering substitution in long-term care: when does
assistive technology take the place of personal care? J Gerontol B Psychol Sci Soc Sci 2005 Sep;60(5):S272-S280. [doi:
10.1093/geronb/60.5.s272] [Medline: 16131628]

35. Cahill S, Begley E, Faulkner J, Hagen I. “It gives me a sense of independence” – Findings from Ireland on the use and
usefulness of assistive technology for people with dementia. Technol Disabil 2007 Apr 13;19(2-3):133-142. [doi:
10.3233/tad-2007-192-310]

36. Skymne C, Dahlin-Ivanoff S, Claesson L, Eklund K. Getting used to assistive devices: ambivalent experiences by frail
elderly persons. Scand J Occup Ther 2012 Mar;19(2):194-203. [doi: 10.3109/11038128.2011.569757] [Medline: 21534712]

37. Larsen SM, Mortensen RF, Kristensen HK, Hounsgaard L. Older adults' perspectives on the process of becoming users of
assistive technology: a qualitative systematic review and meta-synthesis. Disabil Rehabil Assist Technol 2019
Feb;14(2):182-193. [doi: 10.1080/17483107.2018.1463403] [Medline: 29683014]

38. de Witte L, Steel E, Gupta S, Ramos VD, Roentgen U. Assistive technology provision: towards an international framework
for assuring availability and accessibility of affordable high-quality assistive technology. Disabil Rehabil Assist Technol
2018 Jul;13(5):467-472. [doi: 10.1080/17483107.2018.1470264] [Medline: 29741965]

39. Eicher C, Haesner M, Spranger M, Kuzmicheva O, Gräser A, Steinhagen-Thiessen E. Usability and acceptability by a
younger and older user group regarding a mobile robot-supported gait rehabilitation system. Assist Technol 2019;31(1):25-33.
[doi: 10.1080/10400435.2017.1352051] [Medline: 28700324]

40. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet 2013 Mar 02;381(9868):752-762
[FREE Full text] [doi: 10.1016/S0140-6736(12)62167-9] [Medline: 23395245]

41. Brefka S, Dallmeier D, Mühlbauer V, von Arnim CA, Bollig C, Onder G, Medication Quality of Life Research Group. A
proposal for the retrospective identification and categorization of older people with functional impairments in scientific
studies-Recommendations of the Medication and Quality of Life in Frail Older Persons (MedQoL) Research Group. J Am
Med Dir Assoc 2019 Feb;20(2):138-146 [FREE Full text] [doi: 10.1016/j.jamda.2018.11.008] [Medline: 30638832]

42. Hariton E, Locascio JJ. Randomised controlled trials - the gold standard for effectiveness research: Study design: randomised
controlled trials. BJOG 2018 Dec;125(13):1716 [FREE Full text] [doi: 10.1111/1471-0528.15199] [Medline: 29916205]

43. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med 2009 Jul 21;6(7):e1000097 [FREE Full text] [doi:
10.1371/journal.pmed.1000097] [Medline: 19621072]

44. van de Glind EMM, van Munster BC, Spijker R, Scholten RJPM, Hooft L. Search filters to identify geriatric medicine in
Medline. J Am Med Inform Assoc 2012;19(3):468-472 [FREE Full text] [doi: 10.1136/amiajnl-2011-000319] [Medline:
21946235]

45. Lefebvre C, Glanville J, Briscoe S, Littlewood A, Marshall C, Metzendorf M, et al. Chapter 4: Searching for and selecting
studies. In: Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al, editors. Cochrane Handbook for Systematic
Reviews of Interventions Version 6.1 (updated September 2020). London, UK: The Cochrane Collaboration; 2020.

JMIR Aging 2022 | vol. 5 | iss. 2 | e31916 | p. 15https://aging.jmir.org/2022/2/e31916
(page number not for citation purposes)

Fotteler et alJMIR AGING

XSL•FO
RenderX

https://peh-med.biomedcentral.com/articles/10.1186/1747-5341-5-8
http://dx.doi.org/10.1186/1747-5341-5-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20529272&dopt=Abstract
http://dx.doi.org/10.1111/bcp.12184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24007452&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2015.05.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26216463&dopt=Abstract
http://dx.doi.org/10.2147/CIA.S154717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29765211&dopt=Abstract
https://www.jmir.org/2016/1/e18/
http://dx.doi.org/10.2196/jmir.4596
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26822073&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2017.1353652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28768438&dopt=Abstract
http://www.who-seajph.org/article.asp?issn=2224-3151;year=2018;volume=7;issue=2;spage=84;epage=89;aulast=Tangcharoensathien
http://dx.doi.org/10.4103/2224-3151.239419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30136666&dopt=Abstract
http://dx.doi.org/10.1080/11038128.2018.1550528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30663465&dopt=Abstract
http://dx.doi.org/10.1093/geronb/60.5.s272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16131628&dopt=Abstract
http://dx.doi.org/10.3233/tad-2007-192-310
http://dx.doi.org/10.3109/11038128.2011.569757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21534712&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2018.1463403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29683014&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2018.1470264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29741965&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2017.1352051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28700324&dopt=Abstract
http://europepmc.org/abstract/MED/23395245
http://dx.doi.org/10.1016/S0140-6736(12)62167-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23395245&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1525-8610(18)30640-6
http://dx.doi.org/10.1016/j.jamda.2018.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30638832&dopt=Abstract
http://europepmc.org/abstract/MED/29916205
http://dx.doi.org/10.1111/1471-0528.15199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29916205&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
http://europepmc.org/abstract/MED/21946235
http://dx.doi.org/10.1136/amiajnl-2011-000319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21946235&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


46. Dahler AM, Rasmussen DM, Andersen PT. Meanings and experiences of assistive technologies in everyday lives of older
citizens: a meta-interpretive review. Disabil Rehabil Assist Technol 2016 Nov;11(8):619-629. [doi:
10.3109/17483107.2016.1151950] [Medline: 27052680]

47. Higgins JPT, Altman DG, Sterne JAC. Chapter 8: Assessing risk of bias in included studies. In: Higgins JPT, Green S,
editors. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 (updated March 2011). London, UK:
The Cochrane Collaboration; 2011.

48. Levine JC, Burns E, Whittle J, Fleming R, Knudson P, Flax S, et al. Randomized trial of technology-assisted self-monitoring
of blood glucose by low-income seniors: improved glycemic control in type 2 diabetes mellitus. J Behav Med 2016
Dec;39(6):1001-1008. [doi: 10.1007/s10865-016-9763-5] [Medline: 27368257]

49. Humes LE, Rogers SE, Quigley TM, Main AK, Kinney DL, Herring C. The effects of service-delivery model and purchase
price on hearing-aid outcomes in older adults: a randomized double-blind placebo-controlled clinical trial. Am J Audiol
2017 Mar 01;26(1):53-79 [FREE Full text] [doi: 10.1044/2017_AJA-16-0111] [Medline: 28252160]

50. Mira JJ, Navarro I, Botella F, Borrás F, Nuño-Solinís R, Orozco D, et al. A Spanish pillbox app for elderly patients taking
multiple medications: randomized controlled trial. J Med Internet Res 2014 Apr 04;16(4):e99 [FREE Full text] [doi:
10.2196/jmir.3269] [Medline: 24705022]

51. Ong NWR, Ho AFW, Chakraborty B, Fook-Chong S, Yogeswary P, Lian S, et al. Utility of a medical alert protection
system compared to telephone follow-up only for home-alone elderly presenting to the ED - A randomized controlled trial.
Am J Emerg Med 2018 Apr;36(4):594-601. [doi: 10.1016/j.ajem.2017.09.027] [Medline: 29107430]

52. Scheffer AC, Scholte op Reimer WJ, van Dijk N, van Munster BC, Abu-Hanna A, Levi M, et al. Effect of a mobile safety
alarm on going outside, feeling safe, fear of falling, and quality of life in community-living older persons: a randomized
controlled trial. J Am Geriatr Soc 2012 May;60(5):987-989. [doi: 10.1111/j.1532-5415.2012.03932.x] [Medline: 22587862]

53. Schoon Y, Bongers KTJ, Olde Rikkert MGM. Feasibility study by a single-blind randomized controlled trial of
self-management of mobility with a gait-speed feedback device by older persons at risk for falling. Assist Technol 2020
Jul 03;32(4):222-228. [doi: 10.1080/10400435.2018.1529004] [Medline: 30373502]

54. Hägglund E, Lyngå P, Frie F, Ullman B, Persson H, Melin M, et al. Patient-centred home-based management of heart
failure. Findings from a randomised clinical trial evaluating a tablet computer for self-care, quality of life and effects on
knowledge. Scand Cardiovasc J 2015 Aug;49(4):193-199. [doi: 10.3109/14017431.2015.1035319] [Medline: 25968968]

55. Nguyen M, Bonnefoy M, Adrait A, Gueugnon M, Petitot C, Collet L, ADPHA study group. Efficacy of hearing aids on
the cognitive status of patients with Alzheimer's disease and hearing loss: a multicenter controlled randomized trial. J
Alzheimers Dis 2017;58(1):123-137. [doi: 10.3233/JAD-160793] [Medline: 28387664]

56. Taylor JJ, Bambrick R, Brand A, Bray N, Dutton M, Harper RA, et al. Effectiveness of portable electronic and optical
magnifiers for near vision activities in low vision: a randomised crossover trial. Ophthalmic Physiol Opt 2017
Jul;37(4):370-384. [doi: 10.1111/opo.12379] [Medline: 28497480]

57. Khoong EC, Olazo K, Rivadeneira NA, Thatipelli S, Barr-Walker J, Fontil V, et al. Mobile health strategies for blood
pressure self-management in urban populations with digital barriers: systematic review and meta-analyses. NPJ Digit Med
2021 Jul 22;4(1):114. [doi: 10.1038/s41746-021-00486-5] [Medline: 34294852]

58. Clarke A, Warren L. Hopes, fears and expectations about the future: what do older people's stories tell us about active
ageing? Age Soc 2007 Jun 18;27(4):465-488. [doi: 10.1017/s0144686x06005824]

59. Huygens MWJ, Swinkels ICS, de Jong JD, Heijmans MJWM, Friele RD, van Schayck OCP, et al. Self-monitoring of health
data by patients with a chronic disease: does disease controllability matter? BMC Fam Pract 2017 Mar 20;18(1):40 [FREE
Full text] [doi: 10.1186/s12875-017-0615-3] [Medline: 28320330]

60. Cox RM, Johnson JA, Xu J. Impact of advanced hearing aid technology on speech understanding for older listeners with
mild to moderate, adult-onset, sensorineural hearing loss. Gerontology 2014;60(6):557-568 [FREE Full text] [doi:
10.1159/000362547] [Medline: 25139516]

61. Johnson CE, Danhauer JL, Ellis BB, Jilla AM. Hearing aid benefit in patients with mild sensorineural hearing loss: a
systematic review. J Am Acad Audiol 2016 Apr;27(4):293-310. [doi: 10.3766/jaaa.14076] [Medline: 27115240]

62. Ibarra F, Baez M, Cernuzzi L, Casati F. A systematic review on technology-supported interventions to improve old-age
social wellbeing: loneliness, social isolation, and connectedness. J Healthc Eng 2020;2020:2036842. [doi:
10.1155/2020/2036842] [Medline: 32765823]

63. Sánchez VG, Taylor I, Bing-Jonsson PC. Ethics of smart house welfare technology for older adults: a systematic literature
review. Int J Technol Assess Health Care 2017 Jan;33(6):691-699. [doi: 10.1017/S0266462317000964] [Medline: 29151393]

64. Contreras-Somoza LM, Irazoki E, Toribio-Guzmán JM, de la Torre-Díez I, Diaz-Baquero AA, Parra-Vidales E, et al.
Usability and user experience of cognitive intervention technologies for elderly people with MCI or dementia: a systematic
review. Front Psychol 2021;12:636116. [doi: 10.3389/fpsyg.2021.636116] [Medline: 33967901]

65. Allet L, Knols RH, Shirato K, de Bruin ED. Wearable systems for monitoring mobility-related activities in chronic disease:
a systematic review. Sensors (Basel) 2010;10(10):9026-9052 [FREE Full text] [doi: 10.3390/s101009026] [Medline:
22163393]

JMIR Aging 2022 | vol. 5 | iss. 2 | e31916 | p. 16https://aging.jmir.org/2022/2/e31916
(page number not for citation purposes)

Fotteler et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.3109/17483107.2016.1151950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27052680&dopt=Abstract
http://dx.doi.org/10.1007/s10865-016-9763-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27368257&dopt=Abstract
http://europepmc.org/abstract/MED/28252160
http://dx.doi.org/10.1044/2017_AJA-16-0111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28252160&dopt=Abstract
https://www.jmir.org/2014/4/e99/
http://dx.doi.org/10.2196/jmir.3269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24705022&dopt=Abstract
http://dx.doi.org/10.1016/j.ajem.2017.09.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29107430&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2012.03932.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22587862&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2018.1529004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30373502&dopt=Abstract
http://dx.doi.org/10.3109/14017431.2015.1035319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25968968&dopt=Abstract
http://dx.doi.org/10.3233/JAD-160793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28387664&dopt=Abstract
http://dx.doi.org/10.1111/opo.12379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28497480&dopt=Abstract
http://dx.doi.org/10.1038/s41746-021-00486-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34294852&dopt=Abstract
http://dx.doi.org/10.1017/s0144686x06005824
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-017-0615-3
https://bmcfampract.biomedcentral.com/articles/10.1186/s12875-017-0615-3
http://dx.doi.org/10.1186/s12875-017-0615-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28320330&dopt=Abstract
https://www.karger.com?DOI=10.1159/000362547
http://dx.doi.org/10.1159/000362547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25139516&dopt=Abstract
http://dx.doi.org/10.3766/jaaa.14076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27115240&dopt=Abstract
http://dx.doi.org/10.1155/2020/2036842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32765823&dopt=Abstract
http://dx.doi.org/10.1017/S0266462317000964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29151393&dopt=Abstract
http://dx.doi.org/10.3389/fpsyg.2021.636116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33967901&dopt=Abstract
https://www.mdpi.com/resolver?pii=s101009026
http://dx.doi.org/10.3390/s101009026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22163393&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


66. Higgins JPT, Savović J, Page MJ, Elbers RG, Sterne JAC. Chapter 8: Assessing risk of bias in a randomized trial. In:
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al, editors. Cochrane Handbook for Systematic Reviews
of Interventions version 6.1 (updated September 2020). London, UK: The Cochrane Collaboration; 2020.

Abbreviations
AT: assistive technology
CENTRAL: Cochrane Central Register of Controlled Trials
CINAHL: Cumulative Index to Nursing and Allied Health Literature
GRADE: Grading of Recommendations, Assessment, Development and Evaluations
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
QoL: quality of life
RCT: randomized controlled trial
RoB: risk of bias

Edited by J Wang; submitted 19.07.21; peer-reviewed by M Danilovich, MN Sakib; comments to author 14.09.21; revised version
received 09.11.21; accepted 13.12.21; published 04.04.22

Please cite as:
Fotteler ML, Mühlbauer V, Brefka S, Mayer S, Kohn B, Holl F, Swoboda W, Gaugisch P, Risch B, Denkinger M, Dallmeier D
The Effectiveness of Assistive Technologies for Older Adults and the Influence of Frailty: Systematic Literature Review of Randomized
Controlled Trials
JMIR Aging 2022;5(2):e31916
URL: https://aging.jmir.org/2022/2/e31916
doi: 10.2196/31916
PMID:

©Marina Liselotte Fotteler, Viktoria Mühlbauer, Simone Brefka, Sarah Mayer, Brigitte Kohn, Felix Holl, Walter Swoboda, Petra
Gaugisch, Beate Risch, Michael Denkinger, Dhayana Dallmeier. Originally published in JMIR Aging (https://aging.jmir.org),
04.04.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Aging, is properly cited. The complete bibliographic information, a link to
the original publication on https://aging.jmir.org, as well as this copyright and license information must be included.

JMIR Aging 2022 | vol. 5 | iss. 2 | e31916 | p. 17https://aging.jmir.org/2022/2/e31916
(page number not for citation purposes)

Fotteler et alJMIR AGING

XSL•FO
RenderX

https://aging.jmir.org/2022/2/e31916
http://dx.doi.org/10.2196/31916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

