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Abstract

Objectives: Digital health interventions enable services to support people living

with dementia and Mild Cognitive Impairment (MCI) remotely. This literature re-

view gathers evidence on the effectiveness of digital health interventions on

physical, cognitive, behavioural and psychological outcomes, and Activities of Daily

Living in people living with dementia and MCI.

Methods/Design: Searches, using nine databases, were run in November 2021. Two

authors carried out study selection/appraisal using the Critical Appraisal Skills

Programme checklist. Study characteristics were extracted through the Cochrane

handbook for systematic reviews of interventions data extraction form. Data on

digital health interventions were extracted through the template for intervention

description and replication (TIDieR) checklist and guide. Intervention effectiveness

was determined through effect sizes. Meta‐analyses were performed to pool data

on intervention effectiveness.

Results: Twenty studies were included in the review, with a diverse range of in-

terventions, modes of delivery, activities, duration, length, frequency, and intensity.

Compared to controls, the interventions produced a moderate effect on cognitive

abilities (SMD = 0.36; 95% CI = −0.03 to 0.76; I2 = 61%), and a negative moderate

effect on basic ADLs (SMD = −0.40; 95% CI = −0.86 to 0.05; I2 = 69%). Stepping

exergames generated the largest effect sizes on physical and cognitive abilities.

Supervised training produced larger effect sizes than unsupervised interventions.

Conclusion: Supervised intervention delivery is linked to greatest benefits. A mix of

remote and face‐to‐face delivery could maximise benefits and optimise costs.

Accessibility, acceptability and sustainability of digital interventions for end‐users

must be pre‐requisites for the development of future successful services.
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Key points

� Digital health interventions have enabled services to keep delivering health care to people

living with dementia during the COVID‐19 pandemic, and while evidence on their effec-

tiveness is mounting, an update of the literature is needed.

� This systematic review of the literature on digital health interventions for people living with

dementia included 20 studies on a diverse range of interventions, modes of delivery, ac-

tivities, duration, length, frequency, and intensity.

� Digital health interventions produced positive effects on cognitive abilities and negative

effects on activities of daily living, compared to non‐digital interventions.

� Stepping exergames generated the largest effect sizes on physical and cognitive abilities,

while supervised training produced larger effect sizes than unsupervised interventions.

1 | INTRODUCTION

Digital health interventions, defined as “Applications, programmes

and software used in the health and social care system”1 have taken

centre stage during the COVID‐19 pandemic. Many of the elements

enabling face‐to‐face health care became impossible to deliver when

measures mandated by governments to slow the spread of the virus

required older people with pre‐existing conditions to shield.2 Digital

health interventions have enabled services to keep delivering health

care to people remotely.

Evidence is mounting on the benefits of digital health in-

terventions for people living with dementia and Mild Cognitive

Impairment (MCI).3–6 Digital technologies represent a viable option

to support this population to combat their risk of apathy, social

exclusion, sedentary lifestyles, to get active and engage in health

promotion behaviours, thus potentially reducing injury and hospi-

talisation, and delaying access to care homes.7 They may also benefit

people with dementia who struggle to engage in community pro-

grammes/activities because of mobility, social anxiety, accessibility

issues and/or geographical isolation.7

Several digital health interventions for people living with de-

mentia/MCI have been developed ex novo or adapted from a non‐
digital form, to provide equitable services for people who cannot

access community services, and particularly over the last 2 years, to

ensure continuation of support/delivery during times of social

distancing due to the COVID‐19 pandemic.7 From a service delivery

perspective, there is also the rationale of potentially reducing costs

through, for example, not needing to travel to service users' homes. A

diverse range of digital health services have been developed and

tested, including interventions providing cognitive stimulation,8,9

exergaming,10–12 resources for the person and carers to address

health care issues,13,14 and in‐home technologies and/or live support

for users.15 These interventions are typically complex, as they include

a number of interacting components,16 which can be classified under

the terms ‘design, content, and delivery features’.17 ‘Design’ is the

mode of delivery (i.e., “how”, e.g. a virtual reality‐enhanced, recum-

bent stationary bike); ‘content’ is the materials, procedures, activities,

and/or processes (i.e., “what”, e.g., participants pedal in 360‐degree

radius to locate coloured dragons of varying speed); ‘delivery’ is

about intervention implementation (i.e., “who, where, when, how

much”, e.g., group/individual, location, duration, length, frequency and

intensity).18

Studies during the COVID‐19 pandemic raised questions

around the effectiveness of digital health interventions on clients

with MCI/dementia,7 as generational barriers including computer

literacy, and cognitive impairment‐specific difficulties such as

memory problems or apathy may thwart intervention effectiveness.

To date, a number of literature reviews have gathered evidence on

the feasibility and efficacy of digital health interventions in a pop-

ulation with dementia3,14,19–21 and around its barriers and facilita-

tors.22 However, to our knowledge, there is no published work

comparing different types of digital health interventions. Further,

given the everchanging evolution in the field of digital health caused

by the COVID‐19 pandemic, an update of the literature is needed.

This systematic review of the literature aims to gather updated

empirical evidence on digital health interventions for people living

with dementia/MCI. The objectives are:

1. To describe the types of interventions, design, content, and delivery

features;

2. To meta‐analyse reported effects (positive and negative) on physical,

cognitive, behavioural and psychological outcomes and Activities

of Daily Living (ADLs);

3. To report the positive effects on outcome parameters;

4. To identify the interventions linked to largest improvements on

outcome parameters.
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2 | METHODS

This work conforms with the Preferred Reporting Items for Sys-

tematic Reviews and Meta‐Analyses (PRISMA) Statement23

(Appendix A).

2.1 | Search

The search strategy (Appendix B) was based on the PICO (Popula-

tion, Intervention, Comparison, Outcome) worksheet for systematic

reviews.24 It was developed by the research team and finetuned by a

librarian from the University of Nottingham. The searches were run

by one author (CDL) in November 2021 in nine databases: The Allied

and Complementary Medicine Database (AMED), the Cumulative

Index to Nursing and Allied Health Literature (CINAHL), the

Cochrane Central Register of Controlled Trials (CENTRAL), Embase,

Medline, PsycInfo, SportDiscus, Web of Science and Google Scholar.

2.2 | Study selection and appraisal

All initial records were imported into Endnote and duplicates

removed. Two authors (CDL and AB) separately carried out title and

abstract screening, eliminated ineligible studies and then screened

the full texts of the remaining records against the inclusion/exclusion

criteria. Any disagreement was resolved by reaching consensus in a

meeting between CDL and AB. A contingency plan was in place to

involve a third adjudicating author (MC) in case consensus between

CDL and AB was not reached. All disagreements were resolved

through discussion without the need to involve the adjudicator.

Numbers/reasons for exclusion were recorded. The references of the

included studies were screened to identify further eligible studies.

2.2.1 | Inclusion criteria

� Randomised Controlled Trials (RCTs) and non‐RCTs (baseline vs.

follow up and/or intervention vs. control) on physical and/or

cognitive outcomes and/or behavioural and/or psychological

outcomes.

� Evaluating any digital health intervention, defined as “Applications,

programmes and software used in the health and social care sys-

tem”1 developed for adults with dementia (any type)/MCI.

� Any publication year.

� Published in English.

2.2.2 | Exclusion criteria

� Studies without a control group.

� Studies where data were not presented separately for participants

with MCI/dementia and those without.

� Interventions targeting caregivers only.

� Studies not report on effectiveness or having a positive effect on

the outcomes of interest (physical and/or cognitive outcomes and/

or behavioural and/or psychological outcomes).

2.3 | Study quality appraisal

Two raters (CDL and AB) assessed the quality of the studies through

the Critical Appraisal Skills Programme (CASP) checklist.25 The raters

discussed each study and agreed on a final quality score. The CASP

was used for quality screening purposes only and not to exclude any

study on the grounds of poor quality (selection of study was strictly

based on inclusion/exclusion criteria only). Because of the lack of

reporting in the individual studies and of the subjectivity in attrib-

uting score, items 9, 10 and 11 of the CASP were operationalised as

follows:

Item 9: “Do the benefits of the experimental intervention

outweigh the harms and costs?” was operationalised as “Would the

benefits reported in the study potentially outweigh costs associated

with successful implementation of the digital intervention (e.g.,

development, commercialisation, accessibility)?”

Item 10: “Can the results be applied to your local population/in

your context?” was operationalised as “Are the results generalisable

to the diversity of people living with dementia (e.g., different stages

of the condition, different socio‐economic status)”?

Item 11: “Would the experimental intervention provide greater

value to the people in your care than any of the existing in-

terventions?” was operationalised as: “Would the experimental

intervention provide greater benefits than non‐digital version of the

same intervention”?

The total possible score for the quality appraisal was 12, with

higher scores showing higher quality. The raters agreed that when

the study did not report information for an item, it would be rated

negatively (i.e., ‘no’).

2.4 | Data extraction and analysis

Study characteristics were extracted by the first author (CDL) using a

modified version of the data extraction form in the Cochrane hand-

book for systematic reviews of interventions.26 Data on the design,

content and delivery features of the interventions (see “Introduction”

for definitions) were extracted using a modified version of the tem-

plate for intervention description and replication (TIDieR) checklist

and guide.18 The forms were first piloted on a random sample of

three studies, and then used by the first author (CDL) to complete

data extraction. When complete, the process was checked for accu-

racy by the second author (AB). The design, content and delivery

features of interventions (Objective 1) and the effectiveness of in-

terventions on physical, cognitive, behavioural and psychological

outcomes and ADLs (Objective 2) were reported through deductive

thematic analysis,27 with themes were established a priori.
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For the meta‐analyses of effect sizes, we only included study

with between‐groups (i.e., interventions vs. control) comparisons. We

first considered heterogeneity of studies to decide if combining the

results would be clinically meaningful using the I2 statistic and the

parameters provided in the Cochrane handbook for systematic re-

views of interventions:26 0%–40%: heterogeneity not important;

30%–60%: moderate heterogeneity; 50%–90%: substantial hetero-

geneity; 75%–100%: considerable heterogeneity. If the studies were

considerably heterogeneous, we did not proceed with data pooling.

Otherwise, we conducted meta‐analyses using a random‐effects

model, and then performed sensitivity analyses through the leave‐
one‐study method to identify whether any one study affected the

pooled estimates. Standard Mean Difference (SMD) was used as

metric of effect size in the meta‐analysis, using the parameters: 0.2–

0.5: small; 0.5–0.8: medium, > 0.8: large. Meta‐analyses were per-

formed using Review Manager (RevMan) V 5.4.1.

Identification of the interventions linked to largest improve-

ments for each of the outcomes (Objective 4) was carried out by

identifying effect sizes. Therefore, only studies reporting effect sizes

were considered. Cohen's d was used as the unit measure of effect

size. Effect sizes of studies using other measures (e.g., Odds Ratio)

were converted into Cohen's d through the scales of magnitude by

Cohen28 and Lu and Chen.29

3 | RESULTS

The searches identified 1720 records (Figure 1). Of these, 202 passed

title and abstract screening. Seventy‐six duplicates were removed

and the full text of 126 remaining records was assessed against the

inclusion/exclusion criteria. Of these, 106 were excluded. Twenty

records passed the full text screening and were included in this

review.

3.1 | Study quality appraisal

All studies were rated positively on items 1 to 3 and were therefore

included in the review based on their quality. The quality score

ranged from eight to 12. The items most often rated ‘no’ were in

relation to participant, investigator and assessor blinding to inter-

vention. Precision of the estimate of the intervention (i.e., 95% con-

fidence intervals) was also sparsely reported (Table 1).

3.2 | Study characteristics

The studies (Table 2) were conducted in 13 countries, the largest

number in the United States of America (n = 5; 26%). Most studies

were RCTs (n = 8; 42%) and pilot RCTs (n = 9; 47%). Sixty‐eight

percent (n = 13) included participants living with dementia and

32% (n = 6) participants with MCI. The studies had a mean sample of

57 participants (range: 17–112). The overall sample of this review

included 1074 participants (mean age = 80 years).

3.3 | Types of interventions, design, content, and
delivery features

Nineteen interventions were included in the studies (two studies

reported the same intervention).11,12 The interventions were diverse

(Table 3), comprising one or more components. Exergaming (i.e.,

video games that are also a form of exercise), either including a

physical element only or a combination of physical and cognitive el-

ements, was the most common intervention (n = 7; 37%). Five in-

terventions (26%) were virtual reality‐based (i.e., a computer that

simulates the real world), three (16%) included videogaming (without

a physical exercise element), two (11%) delivered telehealth (e.g.,

online consultations or rehabilitation), two (11%) used assistive

technology (i.e., equipment to increase, maintain, or improve the

functional capabilities), and one (5%) was an online class.

In relation to delivery features (i.e., who, where, when, how

much), 14 (74%) interventions were delivered individually and five

(26%) in a group. Twelve interventions (63%) were supervised, in

seven (37%) the participants were unassisted. Seven interventions

(37%) were delivered in the participants' homes, five (26%) in care/

nursing homes, four (21%) in clinical community settings (e.g., hos-

pitals), one (10%) in non‐clinical community settings (e.g., community

centres), and one (5%) in research facilities. The average duration of

the interventions was 13 weeks (range: 4–24 weeks) and the average

length of each session was 43 min (range: 15–90 min). Participants

were asked to have sessions three times/week on average (range:

once/fortnight–once/day). Most interventions' intensity was adapted

on participants' performance (n = 9; 47%; e.g., completion of one

level unlocked a new more difficult level), heart monitoring (n = 2;

11%), and individual needs (n = 1; 5%).

Meta‐analyses were only feasible with two outcomes: overall

cognitive abilities and basic ADLs. Based on evidence from six

studies (Jelcic et al.33 had two intervention groups; n = 318), we

found that the digital health interventions produced a moderate

improvement in overall cognitive abilities of participants with MCI/

dementia (SMD = 0.36; 95% CI = −0.03 to 0.76; I2 = 61%),

compared to control conditions (Figure 2A). The sensitivity analyses

found that only one study43 substantially affected heterogeneity.

When this study was excluded from the pooled data, the aggre-

gated treatment effect of interventions was small (SMD = 0.17;

95% CI = −0.08, 0.41; I2 = 0%; Figure 2B). Based on evidence from

five intervention groups (Karssemeijer et al.11,12 had two inter-

vention groups; n = 274), we found that the digital health in-

terventions produced a negative moderate effect on basic ADLs of

participants with MCI/dementia (SMD = −0.40; 95% CI = −0.86 to

0.05; I2 = 69%), compared to the control conditions (Figure 3). The

sensitivity analyses found that no study substantially affected

heterogeneity.
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3.4 | Positive effects on outcome parameters

All results are in Table 1. In the next section, only a summary of

results will be reported.

3.5 | Physical outcomes

Physical outcomes were reported in 12 studies (60%), and included

functional outcomes, motor‐cognitive performance, frailty, balance,

risk of falls and dependence.

In terms of functional outcomes, Hsiesh et al.32 found that a

group‐based, instructor‐led 6‐month virtual reality Tai‐Chi inter-

vention yielded moderate to large improvements in people living with

MCI (6‐min walk test: d = 0.55; p = 0.001; 30‐s sit‐to‐stand test:

d = 0.82; p = 0.002; Functional reach: d = 1.01; p = 0.00; 5‐m gait

speed: d = −0.60; p = 0.009). Significant improvements were found

by Kwan et al.,34 comparing baseline and 12‐week measures in

participants with MCI receiving a brisk walking intervention sup-

plemented with behaviour change (Walking time: MD = 57.9 min/

day; p = 0.03; Step count: MD = 3778.9; p = 0.02; Brisk walking time:

MD = 3.1 min/day; p = 0.009; Peak cadence: MD = 7.0 steps/min;

p = 0.003).

In relation to motor‐cognitive performance, dual task walking

test scores were significantly improved in people with dementia in

receipt of a 12‐week virtual reality physical training intervention,40

compared to baseline and to face‐to‐face delivery (10‐meter Dual‐
Task Walking Test48: p < 0.05). Statistically significant reduction in

frailty was reported by Karssemeijer et al.,11,12 following a 3‐month

cognitive‐aerobic bicycle exergame intervention delivered in com-

munity settings (Frailty index MD = −0.034; p = 0.012).

Improvements in balance measures were reported in partici-

pants with MCI36 receiving Tai Ji Quan training within a dual‐task

framework, compared to stretching exercises only (4‐Stage Bal-

ance Test49 MD = 0.68; p = 0.02). Two RCTs38,39 found that bal-

ance improved in participants living with dementia living in the

Total Records screened (n=1720): 

• Amed (n=20) 
• CINAHL (n=88) 
• Cochrane Central Register of Controlled Trials (n=282) 
• Embase (n=327) 
• Google Scholar (n=729) 
• Medline (n=135) 
• PsycInfo (n=29) 
• SportDiscus (n=16) 
• Web of Science (n=94) 

Ar! cles screened against inclusion criteria (n = 126) 

Duplicates removed (n=76) 
Clearly ineligible (n=1518)

Ar! cles excluded a" er screening (n=106). Reasons: 

• Record is not an RCT or a study with a controlled condi! on (n=54) 
• Record is not on people with dementia or cogni! ve impairment (n=31) 
• Record is not on outcomes of interest (n=12) 
• Record is not  on digital interven!o n (n=4) 
• Record does not report on eff ec! veness (n=2) 
• Record does not report significant eff ec! veness on outcomes of interest (n = 2) 
• Record is a diff erent paper frrm the same study (n = 1) 

Id
en

!fi
ca

!o
n 

Sc
re

en
in

g 
El

ig
ib

ili
ty

 
In

cl
us

io
n 

Ar! cles selected for review (n=20) 

F I GUR E 1 Selection of papers
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community following an 8‐week supervised strength, yoga, and

balance exergaming intervention (Berg Balance Scale50: p < 0.001);

(Falls Efficacy Scale51: p = 0.002), as well as in people living with

dementia in care homes (Berg Balance Scale50: p = 0.003); (Tinetti

Score52: p = 0.013).

Risk of falls was significantly reduced in people with dementia

after a home‐based intervention consisting of assistive technology

(e.g., a nightlight path) and teleassistance service (i.e., a remote

intercom, an electronic bracelet and a central hotline providing

telephone support; OR = 0.37; p = 0.024).44 The only dyadic

intervention included in this review generated improvements in

dependence measures following 16 weeks of occupational therapy

to problem solve, educate, build skills, and enhance activity in the

person with dementia and caregiver, compared with baseline

(Caregiver Assessment of Function and Upset—CAFU53: between

difference = 6.0; p = 0.01) and the control condition (face‐to‐
face; Caregiver Assessment of Function and Upset: 3.9;

p = 0.11).35

3.6 | Cognitive outcomes

Cognitive outcomes included executive function, memory, language,

attention and global cognitive abilities, and were reported in eight

studies (40%).

One study30 found that participants with MCI living in the

community experienced significant positive effects on executive

function (d = 0.47; p = 0.001) and verbal memory (p = 0.04) after

6 months of a virtual reality‐enhanced, recumbent stationary bike

intervention with cognitive tasks.

In terms of language, Jelcic et al.33 found that 3‐month lexical‐
semantic stimulation rehabilitation exercises provided through per-

sonal computers and teleconferencing in participants living with de-

mentia in care homes yielded improvements in phonetic fluency

score (18.1 vs. 14.3: p = 0.04) and semantic fluency score (20.4 vs.

17.9: p = 0.03), compared to baseline.

Two studies reported positive gains in attention. Jelcic et al.33

found a significant improvement in attention ability score in people

TAB L E 1 Study quality appraisal

CASP itemsa 25

TotalFirst author, year 1 2 3 4a 4b 4c 5 6 7 8 9 10 11

Anderson‐Hanley et al., 201830 Yes Yes Yes No No No Yes Yes Yes No Yes Yes Yes 9

Bahar‐Fuchs et al., 201731 Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes 12

Hsieh et al., 201832 Yes Yes Yes No No No Yes Yes Yes No Yes Yes Yes 9

Jelcic et al., 201433 Yes Yes Yes No Yes Yes Yes Yes No No No Yes Yes 9

Karssemeijer 201911,12 Yes Yes Yes No No No Yes Yes Yes Yes Yes Yes Yes 10

Kwan et al., 202034 Yes Yes Yes No No No Yes Yes Yes No No Yes Yes 8

Laver et al., 202035 Yes Yes Yes No No Yes No Yes No Yes Yes Yes Yes 9

Li et al., 202136 Yes Yes Yes No Yes Yes Yes Yes No Yes Yes Yes Yes 11

Oliveira et al., 202137 Yes Yes Yes No No No Yes Yes Yes No Yes Yes Yes 9

Padala et al., 201238 Yes Yes Yes No No No Yes Yes No No Yes Yes Yes 8

Padala et al., 201739 Yes Yes Yes No No No Yes Yes No No Yes Yes Yes 8

Petersen et al., 202040 Yes Yes Yes No No Yes No Yes No No Yes Yes Yes 8

Robert et al., 202141 Yes Yes Yes No No No Yes Yes No Yes Yes Yes Yes 9

Schwenk et al., 201642 Yes Yes Yes No No No Yes Yes Yes No Yes Yes Yes 9

Swinnen et al., 202143 Yes Yes Yes No No Yes Yes Yes Yes No Yes Yes Yes 10

Tchalla et al., 201344 Yes Yes Yes No No No Yes Yes Yes Yes Yes Yes Yes 10

van Santen et al., 202045 Yes Yes Yes No No No Yes Yes Yes Yes Yes Yes Yes 10

Wiloth et al., 201846 Yes Yes Yes Yes Yes No Yes Yes Yes No Yes Yes Yes 11

Yu et al., 201547 Yes Yes Yes No Yes Yes Yes Yes No No Yes Yes Yes 10

aItem 1: Did the study address a clearly focused research question? Item 2: Was the assignment of participants to interventions randomised? Item 3:

Were all participants who entered the study accounted for at its conclusion? Item 4a: Were the participants ‘blind’ to intervention they were given? Item

4b: Were the investigators ‘blind’ to the intervention they were giving to participants? Item 4c: Were the people assessing/analysing outcome/s

‘blinded’? Item 5: Were the study groups similar at the start of the randomised controlled trial? Item 6: Apart from the experimental intervention, did

each study group receive the same level of care (that is, were they treated equally)? Item 7: Were the effects of intervention reported comprehensively?

Item 8: Was the precision of the estimate of the intervention or treatment effect reported? Item 9: Do the benefits of the experimental intervention

outweigh the harms and costs? Item 10: Can the results be applied to your local population/in your context? Item 11: Would the experimental

intervention provide greater value to the people in your care than any of the existing interventions?
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TAB L E 3 Intervention characteristics—Adapted from the template for intervention description and replication (TIDieR) checklist and
guide

Author, year Type of intervention
Design (how)—the modes of
delivery

Content (what)—the materials,
procedures, activities, and/or
processes

Delivery (who, where, when,
how much)—format of the
intervention delivery, the
location, duration of intervention,
length of sessions, frequency of
sessions, intensity

Anderson‐
Hanley

et al.30

Exer‐tour (relatively cognitively

passive)

Exer‐score (cognitively

effortful)

A virtual reality‐enhanced,

recumbent stationary bike
Exer‐tour: Participants pedal

along scenic bike paths; in-

volves steering but cannot

leave road or crash into

anything.

Exer‐score: Participants pedal in

360‐degree radius to locate

coloured coins and matching

coloured dragons of varying

speed/difficulty

Format: Individual

Location: sites in the community

(e.g., retirement commu-

nities, YMCAs)

Duration: 24 weeks

Length: 45 min

Frequency: 3/5 times/week

Intensity: based on individual

heart rate monitoring

Bahar‐Fuchs

et al.31

Computerised Cognitive

Training

A commercially available

computerised cognitive

training platform (Cognifit™)

online

Participants engage with

standardised, game‐like

computer tasks.

Psychoeducation, and a

range of behaviour‐change

techniques are used to

optimise engagement,

adherence, and

perseverance

Format: Individual

Location: participants' homes

Duration: 8‐12 weeks

Length: 20‐30 min

Frequency: 3 times/week

Intensity: Individually tailored

and adaptive (i.e., level of

difficulty continuously

adapted on participant's

performance, with success-

ful completion of one level

of difficulty resulting in an

increased difficulty on the

subsequent)

Hsieh et al.32 Virtual Reality‐based Tai‐Chi Your Shape Fitness Evolved

2012 Zen energy classes on

Xbox 360 Kinect

A Kinect sensor device captures

one player's motion and

provides feedback. On the

screen, the player must

follow the movements of a

virtual coach.

When the right motion is per-

formed, the player on the

screen becomes brighter.

Other participants stand

around the instructor and

exercise together

Format: Group, instructor‐led

Location: ‐
Duration: 24 weeks

Length: 60 min

Frequency: twice/week

Intensity: eight activities,

ranging in difficulty from

easy to hard. Players need to

pass them to unlock more

advanced/difficult activities.

Jelcic et al.33 Lexical‐semantic stimulation

through telecommunication

technology (LSS‐tele) with

in‐person LSS (LSS‐direct)

and unstructured cognitive

treatment (UCS)

Rehab exercises provided

through personal computer

workstations using Windows

7 or XP operating systems;

teleconference through

Skype

Lexical tasks aimed at enhancing

semantic verbal processing

delivered through remote

control based on

telecommunication

technology. The exercises

focusedon the interpretation

of written words, sentences,

and stories

Format: Group, instructor‐led

Location: elderly care home

Duration: 12 weeks

Length: 60 min

Frequency: twice/week

Intensity: ‐

Karssemeijer

et al.,

201911,12

Cognitive‐aerobic bicycle

exergame

Stationary bike connected to a

video screen

Participants pedal following a

route through a familiar

digital environment (e.g., a

city) while performing

cognitive tasks incorporated

in the cycling routes that are

shown on the video screen

Format: Individual

Location: Community centre

Duration: 12 weeks

Length: 30‐50 min

Frequency: 3 times/week

Intensity: 65%–75% of heart

rate reserve; different

cognitive training levels,

changing with user's

performance
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T A B L E 3 (Continued)

Author, year Type of intervention

Design (how)—the modes of
delivery

Content (what)—the materials,
procedures, activities, and/or
processes

Delivery (who, where, when,

how much)—format of the
intervention delivery, the
location, duration of intervention,
length of sessions, frequency of
sessions, intensity

Kwan et al.,

202034

Brisk Walking Intervention and

behaviour change through

mHealth

Samsung Galaxy smartphone J2

with 2 apps (i.e., Samsung

Health and WhatsApp)

Participants set weekly goals of

brisk walking. Participants

wear a step‐counter during

week. Participants receive

WhatsApp weekly routine

messages, messages when

there is no brisk walking for

more than 2 days, and praise

message when the weekly

goal is achieved earlier than

expected

Format: Individual

Location: Anywhere the partici-

pant walks

Duration: 12 weeks

Length: 60 min

Frequency: 7 times/week

Intensity: Based on baseline

fitness and progress

Laver et al.,

202035

Telehealth delivery of a dyadic

dementia care intervention

Personal device (laptop, tablet,

or smartphone) or tablet on

loan with videoconferencing

software (Cisco Webex)

Participants, caregivers and

environment are assessed

by OT

OT works with caregiver to

problem solve, educate,

build skills, and enhance ac-

tivity engagement in the

person with dementia

Format: Individual, delivered by

OT

Location: Participant's home

Duration: 16 weeks

Length: 60 min

Frequency: once/fortnight

Intensity: Tailored to the capa-

bilities and interests of the

participant, caregiver and

environment

Li et al.,

202136

Online virtual falls prevention

intervention through a dual‐
task Tai Ji Quan training

program

iPad or smartphone with Zoom

App

Participants receive 10–15 min

of preparatory exercises,

45–50 min of core training

(learning, practicing) and 1–

2 min of closing exercises.

Within a dual‐task

framework, the training also

involves concurrent

cognitive exercises aimed at

challenging multiple

cognitive domains (memory,

executive function, spatial

orientation, and processing

speed)

Format: Group, instructor‐led

Location: Participant's home

Duration: 24 weeks

Length: 60 min

Frequency: once/week

Intensity: ‐

Oliveira et al.,

202137

Virtual Reality‐Based Cognitive

Stimulation

Computer with non‐immersive

VR exposure on a laptop

screen of 17 inches

The participant undertakes ac-

tivities inside a virtual

apartment relating to morn-

ing hygiene, shoe closet test,

wardrobe test, memory test,

virtual kitchen, TV

News. The participant also un-

dertakes outdoor tasks,

navigating to each of the

locations in a virtual city,

including grocery store,

pharmacy, and art gallery

Format: Individual, clinical

neuropsychologist‐delivered

Location: Residential care home

Duration: 8 weeks

Length: 45 min

Frequency: twice/week

Intensity: different difficulty

levels

for progression throughout the

intervention

Padala et al.,

201238

Strength, yoga, and balance

exergaming

Nintendo Wii‐Fit console

connected to a mobile

television unit

The participant spends 10 min

doing yoga, 10 min doing

strength training, and

10 min doing balance games

Format: individual, researcher‐
supervised

Location: exercise room of a

residential care home

Duration: 8 weeks

Length: 30 min

Frequency: 5 times/week

Intensity: ‐

(Continues)
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T A B L E 3 (Continued)

Author, year Type of intervention

Design (how)—the modes of
delivery

Content (what)—the materials,
procedures, activities, and/or
processes

Delivery (who, where, when,

how much)—format of the
intervention delivery, the
location, duration of intervention,
length of sessions, frequency of
sessions, intensity

Padala et al.,

201739

Interactive video‐game‐led

physical exercise program

Nintendo Wii‐Fit console

connected to a television

unit

The participant performs

exercises of yoga, strength

training, aerobics, balance

games, and training plus,

which includes more

complex exercise tasks. Each

session includes a warm‐up,

exercise, and cool down

phase

Format: individual, caregiver‐
supervised

Location: Participant's home

Duration: 8 weeks

Length: 30 min

Frequency: 5 times/week

Intensity: Starts at level one,

subsequent levels are

opened automatically upon

completion of previous

levels

Petersen

et al.,

202040

Virtual reality physical training

plus group face‐to‐face

training

The virtual reality hardware

consists of a touchscreen, a

Microsoft Kinect camera,

and a modema

The participant is guided

through exercises via text,

recorded instructions, and

animations

The Kinect camera detects

movements and corrects

possible errors with

onscreen feedback; once the

participant successfully

completes each exercise, vi-

sual feedback in the form of

a green smiling icon is dis-

played onscreen and level

can be advanceda

Format: individual

Location: Participant's home

Duration: 12 weeks

Length: 20 min

Frequency: twice/week

Intensity: Starts at level one,

subsequent levels are

opened automatically upon

completion of previous

levelsa

Robert et al.,

202141

Exergame combining motor and

cognitive activities

The X‐Torp exergame is played

on a desktop PC and

displayed on a high‐
resolution wide screen.

Participant interacts with

the exergame using a Red

Green Blue + Depth Kinect

The participant can: 1. play in

scenario mode action game

dynamics (moving a

submarine); 2. Explore open

environments (reaching

islands) where access is

granted through playful

mini‐games and orientation

exercises

Format: individual or group,

therapist‐controlled

Location: memory centres, day

care centres,

and nursing homes

Duration: 12 weeks

Length: 15 min

Frequency: twice/week

Intensity: therapist can modify/

adjust the game difficulty,

based on participant's

performance

Schwenk

et al.,

201642

Sensor‐based balance training

programme

A 24‐inch computer screen, an

interactive virtual user

interface, and five inertial

sensors

The participant does ankle

point‐to‐point reaching

tasks and virtual obstacle

crossing tasks. Live feedback

is provided

Format: individual, supervised

Location: memory clinic

Duration: 4 weeks

Length: 45 min

Frequency: twice/week

Intensity: progressive

Swinnen

et al.,

202143

Stepping exergame The exergame device “Dividat

Senso”, consisting of a step

training platform which is

sensitive to pressure

changes, connected via a

USB cable to a computer

and a frontal television

screen on which the

exergames are displayed

The participant plays multiple

games lasting 120–200 s.

Starting from an upright

stance with both feet in the

middle of the platform, the

participant interacts with

the game interface by

pushing one foot on one of

the four different arrows.

The device provided real‐
time visual, auditory and

somatosensory (vibrating

platform) cues, and feedback

Format: individual, supervised

Location: care home

Duration: 8 weeks

Length: 15 min

Frequency: 3 times/week

Intensity: automatically adapt-

ed, providing more difficult

stimuli when the players

reacted fast and correct
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T A B L E 3 (Continued)

Author, year Type of intervention

Design (how)—the modes of
delivery

Content (what)—the materials,
procedures, activities, and/or
processes

Delivery (who, where, when,

how much)—format of the
intervention delivery, the
location, duration of intervention,
length of sessions, frequency of
sessions, intensity

Tchalla et al.,

201344

Home‐based technology

coupled with teleassistance

service

The home‐based technology

consists of a nightlight path

Teleassistance service

includes a remote intercom,

an electronic bracelet and a

central hotline providing

telephone support

The participant activates a wire

sensor installed on the floor

near the bed when getting

up that turns on a nightlight

path. The participant can ask

for help if they fall by using

the remote intercom, the

electronic bracelet. A central

hotline providing telephone

support will help

Format: individual

Location: participant's home

Duration: ‐
Length: ‐
Frequency: ‐
Intensity: ‐

van Santen

et al.,

202045

Exergaming combining physical

exercise (interactive cycling)

with cognitive stimulation

Stationary bicycle connected to

a screen

While cycling, the Participant

sees a route on the screen.

They can pick a route, and it

mimics the experience of

cycling outside, thus offering

simultaneous physical and

cognitive stimulation

Format: individual

Location: day care centre

Duration: 24 weeks

Length: ‐
Frequency: twice/week

Intensity: ‐

Wiloth et al.,

201846

Computer game‐based motor

cognitive training

Physiomat®, a pressure‐
sensitive step training

platform

The participant moves a cursor

from the centre of the

screen directly to the

targets highlighted as a

moving yellow ball on the

screen as fast as possible by

shifting their weight while

holding onto the handles of

Physiomat®. As difficulty

progresses, the participant is

asked to move the cursor on

the screen in order to

connect an increasing

number of digits

Format: group, supervised

Location: research centre

Duration: 10 weeks

Length: 90 min

Frequency: twice/week

Intensity: increasing, based on

performance

Yu et al.,

201547

Computer‐assisted Intervention

using Touch‐screen Video

Game Technology

Interactive touch screens/

displays (Sur 40, I‐pad,

optical touch computer

screen)

The participant plays four

touch‐screen video games,

including (1) Bingo (provided

a figure, identify the same

figure in a table with

different figures), (2)

Connect the dot ultimate

(connect the dots by

pressing the number on the

dots in an ascending order

to draw a cartoon figure), (3)

Find difference (find the

differences between two

photos by pressing the point

of difference within a time

limit), (4) Mosquito splash

(press the mosquitoes on the

screen, but avoid butterflies)

Format: individual, researcher‐
supervised

Location: Geriatric day hospital

Duration: up to 8 weeks

Length: 30 min

Frequency: once‐twice/week

Intensity: ‐

Note: Meta‐analyses of the effects (positive and negative) of the interventions on physical, cognitive, behavioural and psychological outcomes, and ADLs.
aInformation refers to the exergaming component only.
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with dementia living in care homes after a group, instructor‐led

cognitive stimulation intervention, compared to baseline (38.0 vs.

35.6; p = 0.01). van Santen et al.45 reported improvements in the

same population, following a 6‐month exergaming intervention

combining interactive cycling with cognitive stimulation (Trail Making

Test Part A54: d = 0.37; p = 0.029).

In terms of global cognitive abilities, Bahar‐Fuchs et al.31 found

that an intervention providing game‐like computer tasks accompanied

by therapist‐delivered behaviour‐change techniques to participants

with MCI improved global cognition (d = 0.80; p < 0.01). Promising

results were also found in a population living with dementia. An RCT

evaluating the effectiveness of lexical‐semantic computer exercises33

found an increase in Mini Mental State Examination (MMSE)55 scores

when comparing 3 months and baseline (25.7 vs. 23.7; p = 0.03).

3.7 | Behavioural and psychological outcomes

Behavioural and psychological outcomes included depression, apathy,

non‐social behaviour, agitation/verbally aggressive behaviour, and

confidence/fear of falling, and were reported in eight studies (40%).

Swinnen et al.43 found a reduction in depressive symptoms

among participants living with dementia living in care homes as a

result of participation in a supervised stepping exergame interven-

tion, compared to the control condition (listening to music), over an

8‐week period (η2 = 0.43; p < 0.001). One study investigated

apathy41 and found that an exergame intervention combining motor

and cognitive activities delivered in the community generated a

reduction in apathy in people living with dementia (Apathy In-

ventory)56 (p = 0.044).

F I GUR E 2 (A) Pooled estimates of effects of digital health interventions on global cognitive abilities at the end of the intervention period.

(B) Pooled estimates of effects of digital health interventions on global cognitive abilities (sensitivity analysis—excluding Swinnen et al.43) at
the end of the intervention period

F I GUR E 3 Pooled estimates of effects of digital health interventions on basic ADLs at the end of the intervention period
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In terms of behavioural symptoms, positive outcomes were found

in an RCT evaluating a computer‐assisted intervention delivering

touch‐screen cognitive videogames, in which participants living with

dementia experienced a reduction in agitation (ES = 0.84; p < 0.05)

and verbally aggressive behaviour (ES = 0.84; p < 0.05).47

A number of studies investigated changes in confidence. Bahar‐
Fuchs et al.31 found that participants with MCI reported being

more confident about their own memory following home‐based

computerised cognitive training (t = 3.0, p < 0.01). Padala et al.39

recorded improvements in balance confidence in participants living

with dementia receiving an 8‐week strength, yoga, and balance

exergaming intervention (p < 0.001).

3.8 | ADLs

ADLs were investigated in five studies (25%). Laver et al.35 found that

an occupational therapy intervention delivered through telehealth

produced benefits for the participants living with dementia in

instrumental ADLs (p = 0.11) and basic (p = 0.46) ADLs. Padala

et al.38,39 found that an exergame intervention based on strength,

yoga, and balance exercises also improved Instrumental ADL

(p = 0.11) and ADLs (p = 0.11) in people with dementia living in the

community and assisted facilities. Swinnen et al.43 reported a sta-

tistically significant improvement in ADLs (p = 0.008) among partic-

ipants with major neurocognitive disorder residing in long‐term care

facilities following a stepping exergaming intervention.

3.9 | Interventions linked to largest improvements on
outcome parameters

In relation to physical outcomes, largest effect sizes on lower limb

function were reported by Hsiesh et al.32 (d = 0.82) and Swinnen

et al.43 (η2 = 0.41–0.64; d > 0.80). While Schwenk et al.42 also found

large improvements in balance (η2 = 0.26; d = 0.80), the largest effect

size on balance was reported in Hsieh et al.32 (d = 1.01). Kwan et al.34

reported a large reduction in frailty (d = −1.41), Swinnen et al.43 on

step reaction time (η2 = 0.51; d > 0.80), and Wiloth et al.46 in motor‐
cognitive performance (η2 = 0.21; d > 0.80).

In relation to cognitive outcomes, while both Bahar‐Fuchs et al.31

(d= 0.80) and Oliveira et al.37 (η2 = 0.24; d> 0.80) reported large effect

sizes on global cognitive ability, the largest effect size for this outcome

was found in Swinnen et al.43 (η2 = 0.38; d > 0.80). Regarding behav-

ioural and psychological outcomes, Swinnen et al.43 found large

reduction in depression score (η2 = 0.43; d > 0.80). Schwenk et al.42

found a large reduction in fear of falling (η2 = 0.30; d > 0.80).

4 | DISCUSSION

This systematic review gathered empirical evidence on digital

health interventions for people living with dementia and MCI. The

review found diversity in terms of types of interventions, modes of

delivery, materials, procedures, location, duration of intervention,

length, frequency, and intensity of sessions. As a result, we could

only perform two meta‐analyses. The first found a moderate effect

size on global cognition. While the effectiveness of cognitive

training interventions has been established in the literature,3 our

meta‐analysis included one intervention delivering exergaming43

and one based on brisk walking and behaviour change. Their

effectiveness is an addition to the existing evidence7 regarding the

potential of physical exercise to improve cognitive outcomes. The

second meta‐analysis found that digital health interventions are an

inferior alternative to the control conditions in the outcome of

ADLs. However, the results from the individual studies were

inconsistent.

When looking at the characteristics of interventions, super-

vised training produced larger effect sizes than unsupervised in-

terventions. This finding aligns with a systematic review on face‐
to‐face physical activity interventions in non‐cognitively‐impaired

older adults that found that supervised balance/resistance

training produced larger effect sizes than the unsupervised mo-

dality.57 In line with previous research,58 study findings suggest

that supervision can function as a mediating mechanism to

maximise participant engagement and adherence with the

intervention.

In terms of identifying the most effective interventions, seven

interventions produced large effect sizes on any of the outcomes.

One intervention only yielded large effect sizes on two outcomes:

overall physical and cognitive abilities.43 This intervention delivered

multiple stepping exergames, requiring participants to start from an

upright stance with both feet in the middle of a pressure‐sensitive

step training platform, and interact with the game interface by

pushing one foot on one of the four different arrows. The device

provided real‐time visual, auditory, and somatosensory (vibrating

platform) cues, and feedback.

The effectiveness of stepping exergames on physical abilities

have been investigated in a previous feasibility study by Garcia

et al.59 in a sample of older people without cognitive impairment. The

authors reported that their step training programme led to im-

provements in stepping, standing balance, gait speed, and mobility,

thus potentially reducing falls. Another study investigated the effects

of step exergaming on cognitive abilities (as well as physical ones) of

older people,60 suggesting that step‐mat training proved effective in

reducing fall risk and improving cognitive functions. The promising

results of this technology found in this review should warrant further

research.

Findings from this review have implications for clinical prac-

tice. New digital health interventions should feature some form of

“real time” supervision/support. Previous research found that face‐
to‐face is the preferred means of interaction for clients, given the

added value of direct social contact.7 Physiotherapists, Occupa-

tional Therapists and Rehabilitation Support Workers also recog-

nise that some rehabilitation activities, particularly risk assessment

and progression, are difficult to undertake remotely.7 This is

further compounded by the inability to use ‘hands on’ techniques

to guide practice, posture and support during remote delivery,

DI LORITO ET AL. - 21



which is particularly important during falls programmes, commonly

accessed by those with cognitive impairment.

However, there are advantages in delivering support remotely,

including the possibility to reach clients who live in remote locations

or during times of social distancing, and saving on costs/resources

when travel is unneeded.35,61 Further, among the studies which re-

ported largest effect sizes (on frailty) there was an intervention

which left the participants unsupervised and only receiving support

remotely through weekly WhatsApp messages.34 This potentially

shows that a good compromise between effective support and cost

efficiency would be a hybrid mix of occasional supervisory face‐to‐
face and routine remote support.

This work is characterised by certain strengths. Presenting

different digital health service interventions for people living with

dementia and Mild Cognitive Impairment can be helpful for e‐
intervention developers, enabling them to consult updated evi-

dence on the most effective types of interventions, based on the

target population and specific outcomes. In relation to limitations, by

focusing only on RCTs/non‐RCTs, we might have missed in-

terventions that have been successfully implemented, but for which

effectiveness studies were not produced. Secondly, the great het-

erogeneity made it impossible to synthesise pooled estimates from all

the studies. We advocate that future literature reviews focus on

specific types of interventions (e.g., exergaming only) to reduce het-

erogeneity and facilitate pooling of data. Further, a number of studies

reported very large effect sizes, which is quite unusual. This might be

due to potential selection bias (e.g., people who agreed to partake in

digital health research might be more likely to adhere/comply and

obtain benefits), chance (some studies had small samples) and pub-

lication bias. Finally, there were also limitations at the review level,

such as the use of CASP25 for study quality appraisal, which does not

attribute a score to reporting of effect size. Effect sizes were not

reported in nine studies (28%) and we could only include 13 studies

in objective 3.

Finally, the studies did not discuss applicability, accessibility,

acceptability, and sustainability, which are key issues for successful

digital interventions. Regarding applicability, the diversity of studies

included in this review suggests that different interventions may be

relevant/ideal for specific subgroups of people living with dementia.

For example, an “active” intervention which involves 'exergaming' is

very different to a passive intervention such as using telecare sensor

mats. Our finding that the digital health interventions produced a

negative moderate effect on basic ADLs of participants compared to

the control conditions may indicate that assuming that any digital

intervention may be beneficial to people living with dementia at

different stages of the condition or for a diverse group of individuals

(e.g., ethnicity, gender, location, having a live‐in caregiver) will inev-

itably lead to shortcomings during implementation.

In relation to accessibility, our previous work7 found a lack of

digital literacy and technology access among users. While some at-

tempts in addressing these issues have been reported,62 there still is

a need for service design, guidance, and delivery of more dementia‐
friendly digital services. Currently, there is contradictory evidence

around the acceptability of interventions from older people,63 due to

concerns around privacy, functionality, doubts around the added

value of technology, cost and ease of use of technology, perception of

no need for digital solutions, fear of dependence and lack of com-

petency. Acceptability issues can be addressed by involving all pro-

spective client groups in technology development, so that digital

services address the real needs of stakeholders.

Regarding sustainability, the impact/uptake of digital health

services is rather low, in the lack of fitting infrastructures, inability to

find funding, complications with scalability, and uncertainties

regarding effectiveness and sustainability.64 Current eHealth imple-

mentations are usually done post development rather than inte-

grated in the development process. Organisational factors and wider

contexts affecting implementation success are therefore often

missed.65 This risk could be minimised through business modelling at

the development stage, by involving potential commercial partners,

which can undertake an accurate calculation of costs before they

commit to implementing the intervention.66 All these key issues

warrant careful consideration in future research and service design/

implementation.

5 | CONCLUSION

Digital health interventions can yield positive effects on physical,

cognitive, behavioural, and psychological outcomes in people living

with MCI and dementia. Stepping exergames were found to

generate the largest effect sizes on physical and cognitive abilities.

Supervised delivery was linked to greatest benefits, but high costs

of face‐to‐face support might make hybrid delivery a better

compromise between user's benefits and the limited resources of

services. Issues around accessibility, acceptability, and sustainability

of digital health interventions for people living with MCI and de-

mentia must be addressed in future research and service

development.
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