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Abstract

Objective: Falls are a common cause of potentially preventable death, disability and loss of independence with an annual
estimated cost of £4.4bn. People living with dementia (PlwD) or mild cognitive impairment (MCI) have an increased fall
risk. This overview evaluates evidence for technologies aiming to reduce falls and fall risk for PlwD or MCI.
Methods: In October 2022, we searched five databases for evidence syntheses. We used standard methods to rapidly screen,
extract data, assess risk of bias and overlap, and synthesise the evidence for each technology type.
Results: We included seven systematic reviews, incorporating 22 relevant primary studies with 1,412 unique participants.
All reviews had critical flaws on AMSTAR-2: constituent primary studies were small, heterogeneous, mostly non-randomised
and assessed as low or moderate quality. Technologies assessed were: wearable sensors, environmental sensor-based systems,
exergaming, virtual reality systems. We found no evidence relating to apps. Review evidence for the direct impact on falls was
available only from environmental sensors, and this was inconclusive. For wearables and virtual reality technologies there was
evidence that technologies may differentiate PlwD who fell from those who did not; and for exergaming that balance may be
improved.
Conclusions: The evidence for technology to reduce falls and falls risk for PlwD and MCI is methodologically weak, based
on small numbers of participants and often indirect. There is a need for higher-quality RCTs to provide robust evidence for
effectiveness of fall prevention technologies. Such technologies should be designed with input from users and consideration
of the wider implementation context.
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Key Points

• Limited, inconclusive evidence of technology reducing falls and falls risk for People living with dementia or mild cognitive
impairment.

• Lack of clarity around which technology is more effective than alternatives at reducing falls and falls risk for People living
with dementia or mild cognitive impairment.

• Reduction in falls and fall risk has potential impact on health and care service costs, and on outcomes important to People
living with dementia/mild cognitive impairment.

• Appropriately designed randomised controlled trials needed to establish technology effectiveness for People living with
dementia or mild cognitive impairment.

• Future technologies must be co-designed with people who will use them and a whole systems approach adopted.

Background

Falls are one of the most common causes of potentially pre-
ventable death, disability and loss of independence among
older people [1]. The annual financial burden on health and
care services is estimated to be an additional £4.4bn due to
care needed by those injured in non-fatal falls [2].

People living with dementia (PlwD) or mild cognitive
impairment (MCI) are more than twice as likely to fall (Odds
Ratio (OR) = 2.24 (95% confidence intervals (CI) 1.25 to
4.03)) and nearly four times as likely to have recurrent falls
(OR = 3.65 (95% CI 1.71 to 7.79)) compared to people
of the same age without cognitive impairment [3]. PlwD
also have higher risks of injury or fracture when they fall.
Their clinical outcomes after injurious falls, compared to
those without cognitive impairment, are worse, and this may
be exacerbated as they are sometimes less likely to access
rehabilitation [4]. Since the number of PlwD in the UK
(currently approximately 900,000) is predicted to rise to 1.6
million by 2040 [5], clearly any technology which helps to
reduce falls and fall risk in PlwD has potential for substantive
health impacts.

Technology has known potential to contribute to fall pre-
vention in the wider population of older adults [6, 7]. There
is evidence on the effectiveness of a wide range of different
technologies on falls or falls prevention measures including
the use of exergames [8–11], virtual reality training [12, 13]
wearables and body-worn sensors [14, 15] environmental
sensor technology [16, 17], and apps [18]. Whilst current lit-
erature extensively covers technology-driven fall prevention
strategies [19–21], a critical gap persists in understanding
their applicability and efficacy within the context of MCI
and dementia.

Many factors contribute to the heightened fall risks for
PlwD or MCI [22], and in many cases technology has poten-
tial to reduce or manage risks. Issues with mobility, balance
and muscle weakness can affect gait, reaction to the start of a
fall and staying upright. Poorer memory and wayfinding are
associated with decreased familiarity with surroundings and
increased trip hazards, whilst higher prevalence of depression
can hinder reactions to change [23, 24]. Difficulties with
vision and visual processing may make recognising and react-
ing appropriately to situations harder, whilst dementia can
increase risky behaviour and reduce risk perception. The side
effects of high levels of medication, including drowsiness,

dizziness or lowered blood pressure, can all increase fall risk
further [22].

Whilst technology holds considerable promise it also
presents complex challenges in the context of PlwD or MCI
[25, 26] and this applies to falls prevention applications. For
example, changes in visual perception and comprehension
can hinder interactions with complicated interfaces; difficul-
ties in processing auditory signals may cause confusion and
anxiety if unfamiliar alarms sound and slower comprehen-
sion of verbal and written instructions can create frustration
and barriers to use [27]. As cognitive decline progresses there
may be a greater reliance on caregivers and professionals who
will increasingly need to engage with technology to support
and enhance care [28]. This underscores the importance of
tailoring technology to accommodate as wide a range of user
need and capacity as possible whilst also considering carer
and staff involvement [28–31]. Technology in care is rapidly
evolving, accelerated by the COVID-19 pandemic, but we
know little about which technologies are most effective for
fall prevention for PlwD.

Objectives

The aim of this overview is to evaluate evidence for any types
of technologies that aim to reduce falls and fall risk for PlwD
or MCI, and to identify gaps in the evidence base. An earlier
version [32] was produced to inform the UK Government’s
proposed major conditions strategy [33]. This overview will
help to provide direction for future research and generate
new insights for policy decisions on adoption of technology
in dementia care.

Methods

Several relevant systematic reviews have been completed, and
therefore a review of reviews offered the best method of rapid
evidence synthesis [34–36]. The findings are reported in line
with the preferred reporting items for overviews of reviews
statement [37]. The protocol was registered with the Open
Science Framework [38].

Search strategy

Our search strategy used three main facets to identify rele-
vant systematic reviews: technology, falls and older people.
We drew on previous reviews by members of our wider team
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and on the NICE [NG97] review in identifying terms. [18,
21, 39, 40]. We did not use a filter to limit the search
to systematic reviews although we included only systematic
reviews in this overview. The full Medline search is provided
in Supplementary material S1; strategies for other databases
are available on request.

Information sources

The following databases were searched without date
restrictions: MEDLINE, EMBASE, PsycINFO, Cochrane
Database of Systematic Reviews (all OVID), CINAHL
(EBSCO), Scopus. Initial searches were conducted in
December 2021 and updated in October 2022. The search
was limited to English language publications. We also
checked references and used forward citing searching.

Eligibility (inclusion and exclusion) criteria

The inclusion criteria were guided by the PICOS (Popu-
lation, Intervention, Comparator, Outcome, Study design)
framework [41, 42], (full details in Supplementary mate-
rial S2).

Population

Studies including people of any age living with demen-
tia or MCI. Community and supported living/residential
care settings were included, but hospital inpatient studies
excluded.

Intervention

Any digital health technology aimed at or exploring reducing
falls including: computing platforms, connectivity, software
and sensors for health care and related uses, and mobile
health including apps, health information technology, wear-
able devices, telehealth and telemedicine [43]. We use inter-
vention in its broadest form of something provided by
healthcare professionals/researchers to people within a study.

Comparator

Any comparator or no comparator.

Outcomes

• Primary: Falls as defined by the ProFaNE definition [44].
We accepted the following measures: proportion of par-
ticipants with fall at specified timepoint; time to first fall;
number of falls per participant in specified period

• Secondary: Fear of falling, fall risk including relevant
balance measures, e.g. postural stability.

Study design

Systematic reviews, with or without meta-analysis.

Study selection, screening and data extraction

Search records were imported into Rayyan [45]. Following
deduplication, two researchers independently screened both
title and abstracts and full texts (Supplementary material S3

gives full text exclusions with reasons). A tailored, prede-
fined, data extraction form was used by two reviewers and
disagreements were resolved through discussion.

Quality appraisal

Two reviewers independently assessed the quality of included
reviews using the AMSTAR 2 tool [46]. Disagreements were
resolved through discussion or consultation with a third
reviewer.

Data synthesis

This overview of reviews considered evidence at the level
of the included systematic review. However, some reviews
included evidence which was not relevant to this overview,
as well as relevant evidence. Additionally, appraisal of the
evidence in all reviews required us to consider the rigour,
relevance and precision of the primary evidence represented.
This means that we report review characteristics including
our quality assessment of the overall review but then pro-
vide information on the primary evidence (relevant to our
overview) that the review authors used to support their
conclusions, together with their assessments of this evidence.
Where primary study characteristics are noted it is in this
context.

Due to the heterogeneity of reported interventions and
outcomes we could not conduct meta-analysis. Therefore,
we followed an approach adapted from the synthesis without
meta-analysis guidelines [47]. Our synthesis was structured
around the interventions (types of technology), aligned to
the FARSEEING Taxonomy which aims ‘to classify and
describe studies which use Information Communication
Technology (ICT) devices to detect falls, monitor or
promote movement-related function and physical activity in
fall prevention’ [48]. Additionally we considered outcomes
reported; study populations and settings (e.g. community/
care home and country); and reporting of equity factors
(employing the PROGRESS-Plus framework [49, 50]).
Where multiple reviews assessed a type of technology we
focused in the first instance on the highest quality and
most recent review; where these differed we reported results
equally from both. We supported this best evidence approach
with evidence from less recent and lower quality reviews.

Overlap

To assess overlap between included systematic reviews we
used the overall corrected covered area measure (CCA) [51],
visually represented as a matrix [52, 53]. This enables map-
ping of relevant primary studies in the included reviews to
avoid double counting of evidence.

Results

Study selection

After screening 272 records and 15 full texts, we included
seven systematic reviews [54–60] (Figure 1); two included at
least one meta-analysis.
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Figure 1. PRISMA flowchart outlining the study selection process.
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Characteristics of included systematic reviews

The reviews were published between January 2007 and
December 2021 (Table 1). Three reviews targeted fall
prevention among PlwD or MCI and we considered all their
primary studies [55, 59, 60]. Four reviews focused on wider
populations or outcomes, and we considered only relevant
primary studies [54, 56–58]. A total of 22 relevant primary
studies (seven unique RCTs including two pilot RCTS) were
included in the reviews. All seven reviews reported quality or
risk of bias assessments, with most using standard tools, e.g.
Downs and Black checklist [61] or the Newcastle-Ottawa
scale [55, 58, 62].

Review populations

Participants and settings

Reviews included 1,412 unique relevant participants; num-
bers in reviews ranged from 39 to 685. Mean ages of partici-
pants ranged from 64 to 88 years and proportions of female
participants from 40% to 91%, where stated for included
primary studies. Settings included private homes and long-
term care facilities, in high income countries in Europe or
North America.

Where reported, reviews incorporated different dementia
types and severity levels, from mild though severe. Assess-
ment criteria for cognitive impairment were sometimes
unclear, however the Mini-Mental State Examination
(MMSE) was the most frequently recorded tool, used in
11 of the 22 primary studies (see Table 1 for further infor-
mation). No review reported details on user involvement in
developing the technologies or consideration of context in
which the technology was being used.

PROGRESS-Plus equity factors were poorly reported
(Figure 2; Supplementary material S4). Gender and age were
the most frequently reported factors. Others such as Place of
residence and Plus factors which can lead to inequity (e.g.
disability, mental health and falls) were included in fewer
reviews. Only two reviews used equity factors as a lens to
interpret outcome data.

Overlap in primary studies included in reviews

Three primary studies were included in more than one review
and the calculated CCA was 2.27%, indicating a limited
overlap among the seven reviews (Figure 3).

There is high overlap (CCA = 10%) between the Weizman
et al . [60] and Bezold et al . [54] reviews and very high
overlap (CCA = 50%) between van Santen et al . [59] and
Prosperini et al . [58], although there are only three relevant
studies in each review. No other overlap was identified. The
full evidence matrix is in Supplementary material S5.

Quality appraisal of included systematic reviews

Overall quality was low in three reviews (flaw in one critical
domain) and critically low in four reviews (flaws in more
than one critical domain). Critical domains 7 (complete
list of excluded study justifications) and 13 (discussion of
the impact of risk of bias in interpretation of results) had

the largest effect on overall ratings affecting seven and five
reviews respectively (for full details see Supplementary mate-
rials S6 and S7).

Interventions: technologies used

Using the FARSEEING taxonomy [25] all included tech-
nologies were classified as Systems although they differed
in Locations (i.e. they were all Systems technologies which
were either body worn/fixed; environmental or portable)
(Table 2). Technologies were used for prediction (e.g. fall risk
assessment), detection (e.g. alarm systems), monitoring (e.g.
fall event recording research tools) or prevention (e.g. apps to
improve strength and balance, or detectors to identify person
out of bed and alert carer).

Effectiveness of interventions

Body worn or body fixed

Wearable technology/sensors

Two reviews, both rated critically low, assessed wearable
sensor-based devices for falls risk in PlwD or MCI [54, 60].
They included seven primary studies (one cross-sectional
(83 participants); six cohort (762 participants)). There was
high overlap between reviews (10%); we use the most recent
review here [54]. Sensors were primarily worn at the lower
back, trunk, waist or chest. The review authors identified
evidence they graded as moderate quality supporting consen-
sus around the ability of classification models to differentiate
between PlwD who experienced falls and those who did not,
based upon data related to balance and stability (Table 3).
This evidence is indirectly relevant to the question of the
impact of falls on technology and is included because it is
based upon measurement of secondary outcomes.

Virtual reality

A single review included only one relevant quasi-experimental
study (39 participants) [57]. The review authors assessed
this as moderate certainty evidence, however the study
is very small and non-randomised suggesting a low or
very low certainty assessment may be more appropriate.
Findings indicated significantly worse performance on
measures of postural stability and falls risk for people living
with Alzheimer’s disease (AD) with a history of falling,
relative to both those with AD but without a fall history,
and those without cognitive impairment (Table 3). This
included worse postural stability (needing more power to
achieve postural adjustments), longer time lag in cognitive
strategies for postural correction, and delayed reaction time
for changes in power. This evidence is indirectly relevant to
the impact of technology on falls but is included because it
is based upon measurement of secondary outcomes.

Technology located in the environment

Environmental sensor-based systems/video systems

Two reviews included environmental sensor-based systems,
utilising digital care technologies (or assistive technologies
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C. Eost-Telling et al.

Figure 2. Progress-Plus factors.

Figure 3. Visual representation of the degree of overlap in primary studies included in systematic reviews (corrected covered area
(CCA) values).

(AT)) [55, 56]. Assessed technologies included bed sen-
sors, sensor nightlights, teleassistance services and electronic
support bracelets either alone or as part of a package.

The most recent review was assessed as critically low
quality; we present evidence from both reviews. There was
no overlap between reviews, with evidence from four unique
RCTs (289 participants) and two other relevant studies (138
participants). The first review [55] reported that the only
RCT (44 participants, fair quality), and a quasi-experimental
study (78 participants, fair quality) found no evidence of
an effect on falls. A pre-post intervention (60 participants,
good quality) showed a significant reduction in falls, but only
after the intervention (bed alarms) was removed, meaning
the effect does not relate to the intervention.

The second review, comprising evidence from three RCTs,
was older and rated as low quality [56]. A meta-analysis
showed a reduction in falls (Risk Ratio (RR) 0.50, [95%
CI 0.32–0.78], two RCTs, 118 participants), but this was
impacted by unclear risk of bias in the largest study and
heterogeneous interventions. The third RCT reported a sig-
nificant effect of a home safety package including assistive
technology (AT) on risky behaviours.

Differences in findings may be due to small study sizes and
heterogeneity of study designs, interventions and outcome
measures.

Portable technology

Exergaming and commercial games consoles

Two reviews assessed exergaming for falls reduction [58,
59]. Technology used included ‘Wii-Fit’, ‘Wii balance board’
and ‘FitForAll’ platforms delivering strength and balance
training. The reviews had high overlap (50%) and the most
recent was judged critically low in quality [58]; we report
evidence from this, with supplementary data from the second
[59]. Evidence from three unique RCTs (82 participants),
and one controlled pre-post study (19 participants) was
included in the first review. Subgroup analysis of partic-
ipants with MCI or AD showed a significant effect size
from two high quality and one medium quality RCTs,
in favour of the technology (g = 0.93, 95%, 0.37–1.49)
on measures of balance. The small size of this subgroup
and the wide confidence intervals reduce our confidence
in the finding. The non-randomised study in the second
review reported significant improvements on several phys-
ical function tests but was very small and assessed as low
quality.

Apps

We did not find any relevant reviews that assessed app-based
interventions.

8

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/53/1/afad238/7517659 by guest on 25 January 2024



Rapid systematic overview of systematic reviews

Ta
bl

e
2.

C
la

ss
ifi

ca
tio

n
of

te
ch

no
lo

gy
in

cl
ud

ed
in

pr
im

ar
y

stu
di

es
ac

co
rd

in
g

to
th

e
FA

R
SE

EI
N

G
ta

xo
no

m
y

[2
5]

Te
ch

no
lo

gy
lo

ca
ti

on
D

es
cr

ip
ti

on
of

th
e

te
ch

no
lo

gy
B

ri
m

sa
nd

O
liv

er
[5

7]
C

ha
n

et
al

[5
8]

Pr
ro

ps
er

in
i

et
al

[6
0]

Va
n

Sa
nt

en
et

al
[6

1]
D

er
m

od
y

et
al

[5
9]

B
ez

ol
d

et
al

[5
6]

W
ei

zm
an

et
al

[6
2]

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

Te
ch

no
lo

gy
lo

ca
ti

on
(D

1.
1)

Bo
dy

w
or

n
or

bo
dy

fix
ed

Bo
dy

w
or

n:
D

ev
ic

e
is

w
or

n
on

or
ne

ar
th

e
bo

dy
(e

.g
.t

ro
us

er
sp

oc
ke

t).
Sm

al
l

m
ov

em
en

ts
of

th
e

de
vi

ce
re

la
tiv

e
to

th
e

bo
dy

ar
e

po
ss

ib
le

an
d

th
e

se
ns

or
lo

ca
tio

n
ca

n
be

ch
an

ge
d

ov
er

tim
e.

Bo
dy

fix
ed

:Th
e

de
vi

ce
is

at
ta

ch
ed

to
th

e
bo

dy
(e

.g
.b

y
tr

an
sp

ar
en

tfi
lm

,n
eo

pr
en

e
be

lt)
.M

ov
em

en
ts

of
th

e
de

vi
ce

re
la

tiv
e

to
th

e
bo

dy
ar

e
m

in
im

ise
d.

Fo
rd

at
a

an
al

ys
is

it
is

im
po

rt
an

tt
o

ca
te

go
ris

e
th

e
po

ss
ib

le
se

ns
or

lo
ca

tio
ns

du
rin

g
re

co
rd

in
g

(e
.g

.t
ro

us
er

po
ck

et
,

ja
ck

et
).

(�
)

�
�

�

(D
1.

2)
Lo

ca
te

d
in

th
e

en
vi

ro
nm

en
t

Is
lo

ca
te

d
in

th
e

en
vi

ro
nm

en
tc

ho
se

n,
ra

th
er

th
an

m
ov

in
g

ar
ou

nd
w

ith
th

e
pe

rs
on

.
�

�

(D
1.

3)
Po

rt
ab

le
C

an
be

m
ov

ed
w

ith
in

th
e

en
vi

ro
nm

en
t,

bu
ti

sn
ot

bo
dy

w
or

n,
or

bo
dy

fix
ed

�
�

Te
ch

no
lo

gy
ty

pe
(D

2.
1)

Sy
ste

m
A

sy
ste

m
is

a
se

to
fi

nt
er

ac
tin

g
or

in
te

rd
ep

en
de

nt
co

m
po

ne
nt

sf
or

m
in

g
an

in
te

gr
at

ed
w

ho
le

or
a

se
to

fe
le

m
en

ts
an

d
re

la
tio

ns
hi

ps
,w

hi
ch

ar
e

di
ffe

re
nt

fro
m

re
la

tio
ns

hi
ps

of
th

e
se

to
ri

ts
el

em
en

ts
to

ot
he

re
le

m
en

ts
or

se
ts

�
�

�
�

�
�

�

(D
2.

2)
D

ev
ic

e
A

de
vi

ce
is

a
m

ec
ha

ni
ca

lo
re

le
ct

ro
ni

c
pi

ec
e

of
eq

ui
pm

en
tm

ad
e

or
ad

ap
te

d
fo

ra
pa

rt
ic

ul
ar

pu
rp

os
e

an
d

m
ay

in
cl

ud
e

on
e

or
m

or
e

se
ns

or
si

n
or

de
rt

o
pr

od
uc

e
a

no
ve

lo
ut

pu
tb

as
ed

on
a

de
ve

lo
pe

d
al

go
rit

hm
.

(D
2.

3)
Se

ns
or

A
co

nv
er

te
rt

ha
tm

ea
su

re
sa

ph
ys

ic
al

qu
an

tit
y

an
d

co
nv

er
ts

it
in

to
a

sig
na

l
w

hi
ch

ca
n

be
re

ad
by

an
ob

se
rv

er
or

by
an

(m
os

tly
el

ec
tro

ni
c)

in
str

um
en

t.
(D

2.
4)

Ac
tu

at
or

C
on

ve
rt

sa
sig

na
li

nt
o

a
ph

ys
ic

al
ac

tio
n.

Ac
tu

at
or

sc
an

be
m

ec
ha

ni
ca

l,
el

ec
tr

ic
,h

yd
ra

ul
ic

an
d

pn
eu

m
at

ic
(e

.g
.e

le
ct

ric
m

ot
or

,L
ED

lig
ht

).
Fu

nc
ti

on
al

it
y

D
3.

1
Al

er
t

Fo
re

m
er

ge
nc

y
co

m
m

un
ic

at
io

n
be

tw
ee

n
th

e
us

er
an

d
ex

te
rn

al
as

sis
ta

nc
e

�
�

D
3.

2
M

on
ito

rin
g

Pe
rfo

rm
sc

on
tin

uo
us

ob
se

rv
at

io
n

th
ro

ug
h

bo
dy

at
ta

ch
ed

or
en

vi
ro

nm
en

ta
l

se
ns

or
sw

hi
ch

m
ay

be
us

ed
fo

rl
at

er
an

al
ys

is
�

�
�

�

D
3.

3
As

se
ss

m
en

t
Pe

rfo
rm

sa
va

lid
at

ed
m

ea
su

re
m

en
to

fa
us

er
to

al
lo

w
fo

ra
n

ev
al

ua
tio

n
to

pe
rfo

rm
ed

by
an

ex
pe

rt
.

�
�

�

D
3.

4
Pe

rs
ua

siv
e

In
te

ra
ct

sw
ith

th
e

us
er

th
ro

ug
h

in
te

nt
io

na
lc

om
m

un
ic

at
io

n
m

ot
iv

at
ed

th
ro

ug
h

th
e

us
er

’s
in

te
ra

ct
io

n
or

ob
se

rv
at

io
n

D
3.

5
C

om
m

un
ic

at
io

n
A

pl
at

fo
rm

th
at

al
lo

w
si

nf
or

m
at

io
n

or
m

es
sa

ge
st

o
be

tr
an

sm
itt

ed
fro

m
on

e
us

er
or

lo
ca

tio
n

to
an

ot
he

rt
hr

ou
gh

a
co

m
m

un
ic

at
io

n
m

ed
ia

D
3.

6
D

el
iv

er
y

D
el

iv
er

sa
di

re
ct

in
te

rv
en

tio
n

to
th

e
pa

tie
nt

e.
g.

Ex
er

ga
m

e
�

�
�

D
3.

7
Au

to
m

at
ic

or
m

an
ua

l?
D

oe
st

he
sy

ste
m

au
to

m
at

ic
al

ly
de

te
ct

th
e

us
er

an
d

re
co

rd
au

to
m

at
ic

al
ly,

or
do

es
th

e
us

er
ha

ve
to

en
te

ri
nf

or
m

at
io

n/
op

er
at

e
th

e
sy

ste
m

or
de

vi
ce

D
3.

7.
1

Au
to

m
at

ic
Au

to
m

at
ic

Sy
ste

m
au

to
m

at
ic

al
ly

de
te

ct
st

he
us

er
an

d
re

co
rd

sa
ut

om
at

ic
al

ly.
�

�
(�

)
(�

)
�

�
�

D
3.

7.
2

M
an

ua
l

M
an

ua
lTh

e
us

er
en

te
rs

in
fo

rm
at

io
n/

op
er

at
es

th
e

sy
ste

m
or

de
vi

ce
.

(�
)

(�
)

�
=

pr
im

ar
yf

un
cti

on
of

th
et

ec
hn

ol
og

y;
(�

)=
te

ch
no

lo
gy

or
pa

rt
so

ft
ec

hn
ol

og
ys

om
et

im
es

us
ed

in
th

is
fu

nc
tio

n.

9

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/53/1/afad238/7517659 by guest on 25 January 2024



C. Eost-Telling et al.

Ta
bl

e
3.

Su
m

m
ar

y
of

te
ch

no
lo

gi
es

us
ed

,fi
nd

in
gs

an
d

co
nc

lu
sio

ns
of

in
cl

ud
ed

re
vi

ew
s

A
ut

ho
r/

ye
ar

Te
ch

us
ed

/
C

on
tr

ol
gr

ou
p

K
ey

R
el

ev
an

to
ut

co
m

es
R

es
ul

ts
/F

in
di

ng
s

C
on

cl
us

io
n

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
W

ea
ra

bl
e

Te
ch

no
lo

gy
/S

en
so

rs
Be

zo
ld

20
21

[5
4]

Bo
dy

-w
or

n
se

ns
or

s
n/

a
1.

D
et

ec
tio

n
of

fa
ll

sta
tu

s
2.

U
se

of
se

ns
or

st
o

as
se

ss
fa

ll
ris

k
3.

C
la

ss
ifi

ca
tio

n
m

od
el

s
(fa

lle
ra

nd
no

n-
fa

lle
r)

1.
Fi

ve
pr

os
pe

ct
iv

e
stu

di
es

w
ith

be
tw

ee
n

six
-a

nd
24

-m
on

th
fo

llo
w

-u
p

2.
Se

ns
or

pl
ac

em
en

ti
nc

lu
de

d
lo

w
er

ba
ck

,s
ha

nk
,w

ai
st,

or
ch

es
t;

th
e

se
ns

or
da

ta
w

as
co

lle
ct

ed
du

rin
g

da
ily

lif
e,

a
20

-m
ga

it
an

al
ys

is,
th

e
T

U
G

,t
he

Ti
ne

tti
Te

st
or

a
w

al
ki

ng
te

st.
3.

Fo
rd

ai
ly

lif
e

da
ta

of
ga

it
qu

al
ity

cl
as

sifi
ca

tio
n

m
od

el
sa

cc
ur

ac
ie

s
be

tw
ee

n
68

.0
–7

6.
0%

,s
en

sit
iv

iti
es

of
67

.0
–7

8.
2%

an
d

sp
ec

ifi
ci

tie
so

f
66

.3
–8

0.
0%

.

Fa
ll

ris
k

as
se

ss
m

en
tu

sin
g

w
ea

ra
bl

e
se

ns
or

si
sf

ea
sib

le
in

ol
de

ra
du

lts
w

ith
de

m
en

tia
.

Ac
cu

ra
cy

m
ay

va
ry

de
pe

nd
in

g
on

se
ns

or
lo

ca
tio

n,
se

ns
or

at
ta

ch
m

en
ta

nd
ty

pe
of

as
se

ss
m

en
tc

ho
se

n
fo

rt
he

re
co

rd
in

g
of

se
ns

or
da

ta
W

ei
zm

an
20

21
[6

0]
W

ea
ra

bl
e

Se
ns

or
-B

as
ed

D
ev

ic
es

n/
a

1.
O

bj
ec

tiv
es

2.
Se

ns
or

Ty
pe

an
d

Bo
dy

Lo
ca

tio
n

3.
G

ai
tA

ss
es

sm
en

t
Pr

ot
oc

ol
4.

C
al

cu
la

te
d

Pa
ra

m
et

er
s

1.
Se

ns
or

-d
er

iv
ed

da
ta

ca
n

su
cc

es
sfu

lly
ac

hi
ev

e
th

e
ai

m
so

fa
ss

es
sin

g
fa

lls
pr

og
no

sis
an

d
ris

k
fa

ct
or

s,
di

ffe
re

nt
ia

tin
g

de
m

en
tia

di
se

as
e

su
bt

yp
es

,e
nv

iro
nm

en
ts

(la
b

an
d

re
al

-w
or

ld
)o

n
ga

it,
an

d
ex

pl
or

in
g

th
e

di
ffe

re
nc

es
in

ex
ec

ut
iv

e
fu

nc
tio

ni
ng

du
rin

g
sin

gl
e

an
d

du
al

ta
sk

s.
2.

Se
ns

or
-B

as
ed

D
ev

ic
es

w
er

e
pl

ac
e

at
th

e
ce

nt
re

of
th

e
bo

dy
,i

.e
.

tr
un

k,
lo

w
er

ba
ck

,c
he

st,
an

d
lu

m
ba

rv
er

te
br

a.
3.

G
ai

tv
al

ua
tio

n
w

as
ac

hi
ev

ab
le

in
bo

th
la

bo
ra

to
ry

en
vi

ro
nm

en
ts

an
d

ev
er

yd
ay

lif
e

se
tti

ng
s

4.
C

al
cu

la
te

d
Pa

ra
m

et
er

si
nc

lu
de

th
e

pa
ce

,v
ar

ia
bi

lit
y,

rh
yt

hm
,

as
ym

m
et

ry
,p

os
tu

ra
lc

on
tro

l,
an

te
rio

r–
po

ste
rio

ra
cc

el
er

at
io

n,
av

er
ag

e
ki

ne
tic

en
er

gy
,c

om
pe

ns
at

io
n

m
ov

em
en

ts,
ste

p
fre

qu
en

cy
,a

nd
th

e
nu

m
be

ro
fd

om
in

an
tp

ea
ks

.Th
e

lin
ea

ra
cc

el
er

at
io

ns
an

d
ro

ta
tio

na
l

ve
lo

ci
ty

,w
al

ki
ng

du
rin

g
24

h,
w

al
ki

ng
bo

ut
av

er
ag

e
du

ra
tio

n,
lo

ng
es

t
w

al
ki

ng
bo

ut
du

ra
tio

n,
w

al
ki

ng
bo

ut
du

ra
tio

n
va

ria
bi

lit
y,

sta
nd

in
g

du
rin

g
24

h,
sta

nd
in

g
bo

ut
av

er
ag

e
du

ra
tio

n,
sit

tin
g

du
rin

g
24

h,
sit

tin
g

bo
ut

av
er

ag
e

du
ra

tio
n,

an
d

ly
in

g
du

rin
g

24
h,

an
d

an
te

rio
r–

po
ste

rio
ra

nd
m

ed
io

-la
te

ra
la

cc
el

er
at

io
ns

tim
e-

se
rie

s.

St
ud

ie
ss

ho
w

st
ha

t
se

ns
or

-d
er

iv
ed

da
ta

ca
n

be
us

ed
to

an
al

ys
is

ga
it

an
d

as
se

ss
th

e
ris

k
of

fa
lls

D
iff

er
en

ta
ss

es
sm

en
tp

ro
to

co
ls

w
er

e
us

ed
in

th
e

lit
er

at
ur

e.
D

ev
el

op
m

en
to

fa
sta

nd
ar

di
se

d
pr

ot
oc

ol
is

re
co

m
m

en
de

d.

V
ir

tu
al

R
ea

lit
y

D
er

m
od

y
20

20
[ 5

7]
V

irt
ua

lR
ea

lit
y

(V
R

ap
ps

us
in

g
a

he
ad

-m
ou

nt
ed

di
sp

la
y

le
d

to
im

pr
ov

em
en

ts
in

a
nu

m
be

ro
f

he
al

th
ou

tc
om

es
,i

nc
lu

di
ng

pa
in

m
an

ag
em

en
t,

po
stu

re
,c

og
ni

tiv
e

fu
nc

tio
ni

ng
sp

ec
ifi

ca
lly

re
la

te
d

to
ad

,a
nd

a
de

cr
ea

se
d

ris
k

of
fa

lls
)

C
on

ve
nt

io
na

l
th

er
ap

y
or

no
co

m
pa

ris
on

1.
Po

stu
re

2.
Fa

ll
1.

Th
e

ad
fa

lle
rh

ad
w

or
se

po
stu

ra
ls

ta
bi

lit
y

co
m

pa
re

d
w

ith
th

e
co

nt
ro

lg
ro

up
(th

ey
ha

d
a

hi
gh

er
po

w
er

re
ga

rd
in

g
us

e
of

m
ec

ha
ni

ca
l

pr
op

er
tie

so
fo

sc
ill

at
io

n
fo

rp
os

tu
ra

la
dj

us
tm

en
ts)

(−
4

to
0

se
co

nd
s

(s
),

P
=

0.
02

;0
to

4
s,

P
=

0.
01

;4
to

8
s,

P
=

0.
00

8)
.

ad
pa

rt
ic

ip
an

ts
ha

d
a

lo
ng

er
tim

e
la

g
in

co
gn

iti
ve

str
at

eg
ie

sf
or

po
stu

ra
lc

or
re

ct
io

n
co

m
pa

re
d

w
ith

he
al

th
y

su
bj

ec
ts

(−
4

to
0

s,
P

=
0.

00
2;

0
to

4
s,

P
=

0.
01

).
2.

Th
e

ad
fa

lle
rs

gr
ou

ps
ha

d
a

de
la

ye
d

re
ac

tio
n

tim
e

fo
rc

ha
ng

es
in

po
w

er
co

m
pa

re
d

w
ith

th
e

co
nt

ro
lg

ro
up

Th
er

e
is

po
te

nt
ia

lt
o

us
e

V
R

in
te

rv
en

tio
n

to
im

pr
ov

e
he

al
th

ou
tc

om
es

,b
ut

m
or

e
stu

di
es

ar
e

ne
ed

ed
.

(C
on

tin
ue

d)

10

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/53/1/afad238/7517659 by guest on 25 January 2024



Rapid systematic overview of systematic reviews

Ta
bl

e
3.

C
on

tin
ue

d
A

ut
ho

r/
ye

ar
Te

ch
us

ed
/

C
on

tr
ol

gr
ou

p
K

ey
R

el
ev

an
to

ut
co

m
es

R
es

ul
ts

/F
in

di
ng

s
C

on
cl

us
io

n
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

En
vi

ro
nm

en
ta

ls
en

so
r-

ba
se

d
sy

st
em

s/
vi

de
o

sy
st

em
s

Br
im

sa
nd

O
liv

er
20

19
[5

5]
As

sis
tiv

e
te

ch
no

lo
gy

(A
T

)
de

sig
ne

d
to

im
pr

ov
e

sa
fe

ty
,i

.e
.

gr
ab

ra
il,

se
ns

or
ni

gh
tl

ig
ht

,
ni

gh
tli

gh
tp

at
h,

re
m

ot
e

in
te

rc
om

,e
le

ct
ro

ni
c

br
ac

el
et

,
te

le
as

sis
ta

nc
e

su
pp

or
tc

en
tre

.

Tr
ea

tm
en

ta
su

su
al

,
in

cl
ud

in
g

ps
yc

ho
so

ci
al

su
pp

or
tw

ith
ou

t
AT

.

1.
Im

pr
ov

ed
sa

fe
ty

of
Pl

w
D

in
th

e
ho

m
e:

fa
lls

(n
um

be
ro

fp
eo

pl
e

w
ho

fe
ll)

2.
Im

pr
ov

ed
sa

fe
ty

of
Pl

w
D

in
th

e
ho

m
e:

fa
lls

(n
um

be
ro

ff
al

ls)
:

3.
Im

pr
ov

ed
sa

fe
ty

of
Pl

w
D

in
th

e
ho

m
e:

R
isk

y
be

ha
vi

ou
rs

an
d

ac
ci

de
nt

s

1.
Th

er
e

w
as

50
%

lo
w

er
of

th
e

pr
ob

ab
ili

ty
of

a
fa

ll
oc

cu
rr

in
g

in
th

e
AT

gr
ou

p
(r

isk
ra

tio
0.

50
95

%
C

I[
0.

32
,0

.7
8]

;Z
=

3.
03

;p
=

0.
00

2)
.

2.
Fe

w
er

fa
lls

in
th

e
AT

gr
ou

p
th

an
in

th
e

co
nt

ro
lg

ro
up

(I
nc

id
en

t
R

at
e

R
at

io
=

0.
34

95
%

C
I[

0.
06

,1
.9

1]
).

3.
A

ho
m

e
sa

fe
ty

pa
ck

ag
e

co
nt

ai
ni

ng
AT

sig
ni

fic
an

tly
re

du
ce

d
ris

ky
be

ha
vi

ou
ra

nd
ac

ci
de

nt
s

(F
(4

5)
=

4.
50

4,
p

<
0.

00
1)

.

Th
e

eff
ec

tiv
en

es
so

fA
T

in
de

cr
ea

sin
g

ca
re

ho
m

e
ad

m
iss

io
n

is
in

co
nc

lu
siv

e.
AT

ca
n

im
pr

ov
e

sa
fe

ty
by

re
du

ci
ng

fa
ll

ris
k

fa
ct

or
s,

ac
ci

de
nt

s,
an

d
ot

he
r

ris
ky

be
ha

vi
ou

r.

C
ha

n
20

21
[5

6]
D

ig
ita

lc
ar

e
te

ch
no

lo
gi

es
,

in
cl

ud
in

g
m

on
ito

rin
g

sy
ste

m
,

vi
gi

lm
on

ito
rin

g
sy

ste
m

,b
ed

-e
xi

t
al

ar
m

s,

U
su

al
ca

re
1.

Fa
ll

M
ix

ed
re

su
lts

:o
ne

stu
dy

sh
ow

ed
a

sig
ni

fic
an

tr
es

ul
tw

ith
a

m
ea

n
di

ffe
re

nc
e

of
3.

3
fa

lls
pe

r1
,0

00
be

d
da

ys
(p

=
0.

03
)w

hi
ch

in
fa

vo
ur

of
re

m
ov

in
g

th
e

al
ar

m
s.

An
ot

he
rt

w
o

stu
di

es
sh

ow
no

sig
ni

fic
an

t
di

ffe
re

nc
e

be
tw

ee
n

th
e

in
te

rv
en

tio
n

an
d

co
nt

ro
lg

ro
up

O
nl

y
th

re
e

stu
di

es
re

po
rt

ed
m

ix
ed

re
su

lts
.Th

e
sa

m
pl

e
siz

es
w

er
e

to
o

sm
al

lt
o

dr
aw

m
ea

ni
ng

fu
lc

on
cl

us
io

ns
ab

ou
t

th
e

eff
ec

tiv
en

es
so

fd
ig

ita
lc

ar
e

te
ch

no
lo

gi
es

in
fa

ll
pr

ev
en

tio
n

am
on

g
pe

op
le

w
ith

de
m

en
tia

Ex
er

ga
m

in
g

an
d

co
m

m
er

ci
al

ga
m

es
co

ns
ol

es
Pr

os
pe

rin
i2

02
1

[ 5
8]

Ex
er

ga
m

es
(a

ll
th

re
e

stu
di

es
us

e
W

ii
ba

la
nc

e
bo

ar
d)

C
on

ve
nt

io
na

l
tre

at
m

en
ts

or
ot

he
r

re
ha

bi
lit

at
io

n
in

te
rv

en
tio

ns
or

no
in

te
rv

en
tio

n
(i.

e.
w

ai
tin

g-
lis

tc
on

tro
l

gr
ou

p)

1.
Ba

la
nc

e
2.

Lo
ng

-te
rm

re
te

nt
io

n
(d

efi
ne

d
as

th
e

co
ns

ol
id

at
io

n
of

ba
la

nc
e

im
pr

ov
em

en
tb

ey
on

d
th

e
in

te
rv

en
tio

n
co

m
pl

et
io

n)
3.

Ad
ve

rs
e

ev
en

ts

1.
Eff

ec
ts

ize
of

ex
er

ga
m

es
on

ba
la

nc
e

(g
=

0.
93

,9
5%

C
Is

0.
37

–1
.4

9,
p

=
0.

00
1)

(d
em

en
tia

su
bg

ro
up

)
Ex

er
ga

m
es

ca
n

im
pr

ov
e

th
e

ba
la

nc
e

of
pe

op
le

w
ith

de
m

en
tia

bu
tt

he
sm

al
ls

am
pl

e
siz

e
lim

its
ro

bu
stn

es
so

fd
at

a.

Va
n

Sa
nt

en
20

18
[5

9]
Ex

er
ga

m
in

g
(O

ne
stu

dy
us

ed
Fi

tF
or

Al
l

ex
er

ga
m

es
(p

hy
sic

al
tr

ai
ni

ng
)

an
d

tw
o

stu
di

es
us

ed
a

W
ii-

Fi
t

pr
og

ra
m

m
e)

C
og

ni
tiv

e
tr

ai
ni

ng
or

w
al

ki
ng

pr
og

ra
m

m
e

w
ith

ou
t

ex
er

ga
m

in
g

el
em

en
t

1.
Ph

ys
ic

al
fu

nc
tio

ni
ng

(S
ub

se
to

ft
he

Se
ni

or
Fi

tn
es

sT
es

ta
nd

Be
rg

Ba
la

nc
e

Sc
al

e)
2.

C
og

ni
tiv

e
fu

nc
tio

ni
ng

3.
D

ai
ly

lif
e

fu
nc

tio
ni

ng
4.

Em
ot

io
na

lf
un

ct
io

ni
ng

5.
Q

ua
lit

y
of

lif
e

Tw
o

of
th

re
e

sh
ow

ed
so

m
e

sta
tis

tic
al

ly
sig

ni
fic

an
te

ffe
ct

so
f

ex
er

ga
m

in
g

on
ph

ys
ic

al
,c

og
ni

tiv
e

an
d

em
ot

io
na

lf
un

ct
io

ni
ng

in
Pl

w
D

,a
lth

ou
gh

ba
se

d
on

a
ve

ry
sm

al
ls

am
pl

e.

St
ud

ie
sr

ep
or

te
d

m
ix

ed
re

su
lts

.
Ve

ry
lit

tle
sig

ni
fic

an
tb

en
efi

to
f

ex
er

ga
m

in
g

on
ph

ys
ic

al
,

co
gn

iti
ve

an
d

em
ot

io
na

l
fu

nc
tio

ni
ng

am
on

g
pe

op
le

w
ith

de
m

en
tia

A
pp

s
N

o
re

vi
ew

s.

G
lo

ss
ar

y
of

te
rm

s:
T

U
G

,T
im

ed
up

an
d

go
te

st;
V

R
,v

irt
ua

lr
ea

lit
y;

AD
,A

lzh
ei

m
er

’s
di

se
as

e;
AT

,a
ss

ist
iv

e
te

ch
no

lo
gy

;P
lw

D
,p

eo
pl

e
liv

in
g

w
ith

de
m

en
tia

;C
I,

C
on

fid
en

ce
in

te
rv

al
.

11

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/53/1/afad238/7517659 by guest on 25 January 2024



C. Eost-Telling et al.

Discussion

Summary of findings

We identified limited evidence on the effectiveness of tech-
nology to reduce falls or falls risks for PlwD or MCI. The
evidence is based on (often low quality) small studies with
short follow-up, so is insufficient to recommend any particu-
lar technology or to identify whether particular technologies
are more effective than others.

Much of the evidence is indirectly relevant to the ability of
technology to reduce falls or falls risk. In particular, evidence
for wearable and virtual reality technologies only looked
at their ability to identify people who have a history of
falling using postural and balance data, whilst exergaming
reported impacts on secondary measures such as balance.
Only environmental sensors were represented by reviews
which looked at impact on fall incidence.

We found no convincing evidence that environmental
sensors were able to reduce falls and falls risk. Since many
environmental sensor interventions were multicomponent,
and varied widely in their implementation, it was impossible
to isolate evidence for a single element. Studies of exergam-
ing to improve strength and balance reported significant
improvements in falls rate with interventions. However, the
evidence is weak because it rests on very small numbers of
PlwD in RCT subgroups or in non-randomised studies. Very
limited available evidence suggests that wearable technolo-
gy/sensor data may be able to distinguish between PlwD who
fall, and those who do not, and also that virtual reality may
identify differences in postural stability between PlwD with
and without a history of falls.

Gaps in the evidence

For most types of technology we included only two reviews,
and for virtual reality we found only one. No reviews assessed
use of apps. Due to heterogeneity of study designs, inter-
ventions and outcomes we did not conduct meta-analysis.
Reviews included few RCTs (and these were small); this may
reflect the difficulty of involving older people and PlwD
or MCI in RCTs [63, 64]. No studies directly compared
different types of technology.

The longest follow-up was between 6 and 12 weeks post-
intervention, so we have no information about longer-term
effects. Outcome measures varied considerably, partly due to
the range of technologies and their development stage. Stud-
ies of less well-developed technologies sometimes employed
surrogate falls outcomes measures such as gait analysis or
levels of risky behaviour and looked at technology as an
assessment tool for falls risk rather than an approach to falls
reduction. We included these due to the sparsity of evidence,
and their potential to inform development of future falls
prevention interventions. However, this evidence is only
indirectly relevant to fall reduction.

No review reported usability or acceptability of interven-
tions for users, caregivers or staff and only one considered
adverse effects. We know that active involvement of end

users, throughout design, development and implementation
of new technologies is key to their success [65]. Older people
are at risk of being digitally excluded and less likely to
adopt technology [18, 66–68], and cognitive impairment
can exacerbate this, especially for those already less familiar
with new technology [21]. PlwD may find technology dis-
tressing and unsettling [69, 70], making tailoring of prod-
ucts especially important, and they are frequently excluded
from studies of fall prevention technology, reducing broader
studies’ relevance to these groups [65, 71–73]. Usability and
acceptability for older PlwD or MCI and those who live with
or care for them, is therefore important [31, 74–76] although
challenging. Adaptable designs accommodating the broadest
range of user capabilities as possible and designed to support
caregiver input are essential for creating inclusive products
[25, 77–80].

Characteristics relevant to equity can exacerbate digital
and technological exclusion, either individually or in com-
bination, but reviews rarely considered these. Whilst all
reviews collected data on gender, age and cognitive status,
none reported race/ethnicity, education levels or socioeco-
nomic status (SES). Only two reviews used PROGRESS-
Plus factors as a data lens; both used cognitive status and one
disability and disease. These factors may all play a role
in acceptance and use of technology. Despite this, review
authors failed to consider the potential for differential effec-
tiveness in population subgroups, and this should be reme-
died in further work.

Linked to the equity factor of available support, staff and
unpaid carers may be pivotal in successful implementation
of technologies for PlwD, and their skills, attitudes and
experiences may influence the uptake of new innovations
[81]. In one primary study staff directly influenced study
outcomes through bias against bed alarms, which were con-
sidered unreliable and intrusive. Our overview highlights the
need to explore staff roles in successful development and
integration of technology into care environments. We did
not identify any qualitative or mixed methods reviews, which
may have provided us with additional insights on the impact
of staff or unpaid carers on technology effectiveness, or the
experiences of carers and participants in using technology
with PlwD or MCI.

These gaps relate to the multiple barriers to scaling up of
technology for older PlwD, (evidence, price, design, trust,
awareness, individualisation, commissioning, societal atti-
tudes, staff skills, awareness and attitudes) [81]. A frame-
work such as NASS (non-adoption, abandonment, scale-
up, spread and sustainability) can help to ensure effective
representation of participants and due consideration of wider
contexts in development and implementation [82, 83].

Strengths and limitations

We have identified and synthesised the limited evidence on
use of technology to reduce falls and falls risk for PlwD
or MCI. At each stage we used transparent and robust
systematic review methods, adapted to a rapid overview.
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However, we focussed only on published systematic reviews;
primary research published after the last review search dates
is not included but may be informative [84, 85]. To assess the
likely impact of this we undertook some rapid limited post-
hoc searching for primary studies published after our search.
We identified only a feasibility RCT and a small RCT of
a home-based fall prevention exercise programme (Standing
Tall) delivered to older PlwD through a tablet computer
[86, 87]. This intervention showed promise, had acceptable
usability and feasibility, and scored well on participant enjoy-
ment; evaluation of its effectiveness needs a fully powered
RCT.

The low or critically low AMSTAR 2 ratings of included
reviews were heavily influenced by failure to list excluded
studies with reasons, and failure to consider quality of pri-
mary studies in the discussion. We have partially mitigated
this second issue by considering bias, as reported by the
original review authors, in our synthesis and conclusions
but were dependent on their assessments (low or moderate
quality in most instances). Full assessment using GRADE
criteria was beyond the scope of this overview, but our
consideration was guided by the domains of risk of bias
imprecision and inconsistency. [88].

We were also dependent on the definitions used by review
and primary study authors for dementia and MCI, and
many reviews did not report definitions used in primary
studies. Scores on the MMSE were the most frequently
used measure of MCI, but often no upper limit was given
and we could not determine the severity of participants’
dementia.

Further research and conclusions

Our overview identifies a clear need for more primary
research but also highlights the need to ensure that evidence
has real-world applicability as well as methodological rigour.
Thus, we strongly recommend following the ProFaNE
recommendations [89]. There is a need for more, larger
and better reported RCTs using TIDieR [90] to clarify the
nature of the intervention, perhaps using the FARSEEING
[25] and ProFaNE Taxonomies to aid description [91]. Work
is needed to develop more standardised outcome measures
for falls, ensuring relevance to patients and clinicians and
comparability between studies. The overview also highlights
that when PlwD or MCI are included in these studies, clear
and validated measures must be used to record their type
and level of cognitive impairment. In addition to rigorous
methodology, adequate sample sizes and adherence to
reporting guidelines there needs to be greater consideration
of user groups during design and development. This should
include consideration of equity factors in recruitment and
data analysis. Consideration of wider context is also required
to support implementation and success of new technology.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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