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The global population is aging, leading to significant health challenges among older adults, such as reduced muscle mass, increased risks of
dementias, and chronic diseases. Physical activity (PA) is crucial for maintaining health and wellbeing in this demographic, yet participation
tends to decrease with age due to various barriers. Digital technologies, including mobile health (mHealth) interventions, show promise in
promoting PA among older adults, though their adoption remains limited due to intrinsic and extrinsic challenges. Objectives: This scoping
review aimed to systematically map existing evidence on digital PA interventions for older adults, assessing feasibility, usability, and efficacy,
whilst providing recommendations for future research and practice. Eligibility criteria: Original investigations concerning digital interventions in
older adults (>60 years of age) focusing on physical activity and/or exercise were considered. Sources of evidence: Four electronic databases
(MEDLINE, CINAHL Ultimate, Scopus and Cochrane Central Register of Controlled Trials [CENTRAL]) were searched. Methods: A scoping
review was conducted using the scoping review methodological framework. Review selection and characterisation were carried out by two
independent reviewers. Results: The 34 included studies were published between 2005 and 2023 across Europe, North America, Asia, and
Oceania. Participants varied from healthy to frail individuals, with some diagnosed with dementia or cognitive impairment. Interventions were
most commonly delivered via exergames, tablet apps, and videoconferencing. The most common exercise program type was
multicomponent. Most studies assessed efficacy, feasibility, and usability, with many using a combination of these measures. Reminders were
commonly utilised to enhance engagement through various digital and non-digital methods.Conclusions: There was a notable lack of mobile
health (mHealth) studies in the literature, with most research focusing on exergame and tablet interventions. More research on smartphone
apps, particularly for muscle strengthening, is needed, and the growing ease of app development may drive innovation and research. Digital
interventions are generally feasible, usable, and effective for older adults, offering a promising, scalable approach for promoting PA. This
review identified several valuable lessons from the existent literature for future developments.
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Abstract 13 

Background: The global population is aging, leading to significant health challenges among 14 

older adults, such as reduced muscle mass, increased risks of dementias, and chronic diseases. 15 

Physical activity (PA) is crucial for maintaining health and wellbeing in this demographic, yet 16 

participation tends to decrease with age due to various barriers. Digital technologies, including 17 

mobile health (mHealth) interventions, show promise in promoting PA among older adults, 18 

though their adoption remains limited due to intrinsic and extrinsic challenges. 19 

Objectives: This scoping review aimed to systematically map existing evidence on digital PA 20 

interventions for older adults, assessing feasibility, usability, and efficacy, whilst providing 21 

recommendations for future research and practice. 22 

Eligibility criteria: Original investigations concerning digital interventions in older adults (>60 23 

years of age) focusing on physical activity and/or exercise were considered. 24 
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Sources of evidence: Four electronic databases (MEDLINE, CINAHL Ultimate, Scopus and 25 

Cochrane Central Register of Controlled Trials [CENTRAL]) were searched. 26 

Methods: A scoping review was conducted using the scoping review methodological 27 

framework. Review selection and characterisation were carried out by two independent 28 

reviewers.  29 

Results: The 34 included studies were published between 2005 and 2023 across Europe, North 30 

America, Asia, and Oceania. Participants varied from healthy to frail individuals, with some 31 

diagnosed with dementia or cognitive impairment. Interventions were most commonly 32 

delivered via exergames, tablet apps, and videoconferencing. The most common exercise 33 

program type was multicomponent. Most studies assessed efficacy, feasibility, and usability, 34 

with many using a combination of these measures. Reminders were commonly utilised to 35 

enhance engagement through various digital and non-digital methods. 36 

Conclusions: There was a notable lack of mobile health (mHealth) studies in the literature, with 37 

most research focusing on exergame and tablet interventions. More research on smartphone 38 

apps, particularly for muscle strengthening, is needed, and the growing ease of app 39 

development may drive innovation and research. Digital interventions are generally feasible, 40 

usable, and effective for older adults, offering a promising, scalable approach for promoting 41 

PA. This review identified several valuable lessons from the existent literature for future 42 

developments. 43 

 44 

 45 

 46 
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Introduction 47 

Rationale  48 

Ageing is ubiquitous amongst humans and in recent years the global population aged 49 

rapidly1. In 2018, the over 65s outnumbered children under 5 years of age for the first time in 50 

history and it is expected that by 2050, 22% of the global population will be over 651. With 51 

ageing comes several health challenges such as loss of muscle mass, increased risks of 52 

dementia and cognitive impairment, elevated blood pressure, heart disease, and diabetes 53 

mellitus2, all of which have significant impact on older adults’ abilities to complete activities 54 

of daily living. Consequently, health and wellbeing has become a priority, evidenced by the 55 

United Nations Sustainable Development Group’s (UNSDG) goals, particularly healthy lives 56 

and well-being at all ages (UNSDGD 3)3. 57 

One key strategy that has become apparent for maintaining health and wellbeing for older 58 

adults is physical activity (PA) and/or exercise4. Exercise and/or PA has been shown to exert 59 

a range of physical and mental benefits 5,6. PA refers to any bodily movement produced by 60 

skeletal muscle that requires energy expenditure, while exercise is a subcategory of PA that 61 

follows a plan and structure with repetition7 (exercise/PA will be referred to as PA 62 

throughout this review). Despite the benefits of PA, as people age, they typically become 63 

more sedentary8. This reduction can be attributed to the unique challenges older adults face as 64 

a consequence of ageing such as decreased mobility, chronic health conditions, and social 65 

isolation7.  66 

The emergence of digital technology has shown promise for promoting PA in older 67 

populations 9. One digital intervention type which has shown potential is mobile health 68 

(mHealth; mostly using mobile apps). This refers to the practice of medicine and public 69 

health supported through mobile devices10. Similarly, electronic health (eHealth) refers to the 70 
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practice of medicine and public health supported through digital technologies such as tablet 71 

computers, computers, and laptops11. 72 

Around 90% of older adults own a laptop or computer and, in the UK, approximately 70% of 73 

people over 60 years of age own a smartphone (around 67% worldwide12), suggesting older 74 

adults are more digitally literate and connected than ever before12. The large number of older 75 

adults with eHealth and mHealth access now makes technology-enabled PA interventions 76 

possible. Although features such as push notifications, daily reminders, support, and feedback 77 

are possible with traditional technology interventions, accessibility and scalability are 78 

enhanced when mHealth is deployed13. Interventions utilising smartphone applications 79 

(apps), wearables, exergames, and web platforms have been used in recent years9. One 80 

benefit of using eHealth for PA interventions is it enhances the acceptability, efficacy, and 81 

sustainability of PA interventions for older adults14.  82 

Despite the potential for digital interventions to promote PA in older adults, their adoption in 83 

this population remains low compared to others15. Specific factors which are relevant to these 84 

age groups may indicate why interventions of this nature have either not been adopted or 85 

adopted poorly. A Previous review has identified various intrinsic factors such as memory, 86 

hearing, motor control, and feelings of incompetence1 as some of the intrinsic factors 87 

affecting adherence. Extrinsic factors such as cultural barriers, the belief that smartphones are 88 

for phone calls only, lack of digital literacy and privacy and security concerns surrounding 89 

technology use, are some of the extrinsic barriers to participation1. By involving older adults 90 

in the design process, addressing their specific needs, and continuously evaluating these 91 

criteria, digital interventions can become more effective and widely adopted in promoting PA 92 

among older adults. By not addressing these barriers it is possible that digital technology as a 93 

means of encouraging PA will not meet its full potential15. To address this, it is essential to 94 
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evaluate the feasibility, usability, and efficacy of these interventions. The feasibility of such 95 

studies depends on older adults’ willingness to participate, which can be influenced by their 96 

familiarity with technology and their perceived ease of use16. Usability involves assessing 97 

how user-friendly and accessible these digital interventions are for older adults, considering 98 

their specific needs and limitations16. Efficacy measures how effective these interventions are 99 

in increasing PA levels and improving health outcomes17. Criteria for determining feasibility 100 

include recruitment rates, retention rates, and participants' ability to navigate and use the 101 

technology18. Usability can be evaluated through user satisfaction, task completion rates, and 102 

the frequency of technical issues encountered19. Efficacy is determined by measuring changes 103 

to PA levels, fitness improvements, and other health metrics pre- and post-intervention20. 104 

Objectives 105 

Considering the challenges and opportunities discussed, we thought it was pertinent to map 106 

the existing evidence on digital interventions concerning PA in older adults. A scoping 107 

review can systematically map the literature to identify paucities and limitations, and 108 

generate insights for future research, practice, and policy21. This review will assess the 109 

feasibility, usability, and efficacy of these interventions in older adults. By examining digital 110 

interventions for PA, we aim to highlight successful and unsuccessful strategies, informing 111 

the development of digital interventions for PA in older adults. Additionally, we will 112 

compare various digital intervention approaches to encourage the integration of diverse 113 

strategies in future research. Focusing on specific domains of PA (e.g. muscle strengthening, 114 

aerobic conditioning) will enhance our understanding of whether digital interventions support 115 

older adults. Our specific objectives for this scoping review were to (1) conduct a systematic 116 

search of the literature on digital interventions in relation to PA in older adults, (2) map the 117 

types and characteristics of the digital interventions used (mobile apps, tablet devices, 118 
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wearables), (3) outline outcomes reported in each intervention (usability, feasibility, and 119 

efficacy), (4) understand user perspectives (preferences, feedback) – focusing on experiences, 120 

needs and challenges, with a view to inform future mHealth approaches for older adults, and  121 

(4) provide recommendations for advancement in the area. 122 

 123 

Methods 124 

Protocol and Registration 125 

The review was completed in accordance with the Arskey and O’Malley 22 methodological 126 

framework, which does not include pre-registration. The review adhered to the guidelines 127 

outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 128 

Extension for Scoping Reviews23, during both its execution and reporting23. 129 

Eligibility Criteria 130 

Studies were included in our review if they met the following inclusion criteria: [1] Human 131 

participants >60 years of age which is deemed the start of old age by the United Nations24 132 

and has been applied in previous, similar reviews2,5, [2] Human participants living 133 

independently in the community, [3] Published in English, [4] Digital interventions relating 134 

to the implementation of apps, wearable technology, tablets, smartphones, web calls, and web 135 

apps which aim to improve adherence, uptake, acceptance, or outcomes of PA and [5] 136 

Includes outcome measures on feasibility, usability, or efficacy for the digital intervention. 137 

Papers were not included if [1] They were not published in English language, [2] They had 138 

human participants with a mean of  <60 years of age, [3] They were review papers, [4] They 139 

were abstracts, conference papers, or protocols, [5] They did not  involve PA, [6] They not 140 

use a digital intervention, [7] They did not include outcome measures on feasibility, usability, 141 

and efficacy for the digital intervention, [8] They included other variables of interest over and 142 
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above PA and [9] They did not take place in the community. We included studies which 143 

included participants with comorbidities, as ageing is associated with multimorbidity25. 144 

Search Strategy 145 

The search strategy for the review consisted of a combination of keyword and MeSH term 146 

searching. The following search was applied in the MEDLINE database: (communit* N3 147 

dwell* or residen*) AND (elderly or geriatric or age* or aging ) AND (text* or SMS or 148 

"mobile device" or "mobile phone” or “mobile health” or mHealth or eHealth or internet-149 

based or web-based or DVD-based or (wearable N3 (devic* OR technol*)) or computer or 150 

“computer assisted” or (serious N3 game*) or tablet or "artificial intelligence" or AI). We 151 

chose to omit searching for outcomes directly, as recommended previously26, due to the 152 

broad scope of possible outcomes relating to PA or feasibility usability and efficacy of 153 

interventions. We utilised filters when searching within databases to ensure only studies 154 

published in English with human participants appeared in our search. The full search protocol 155 

can be found in supplementary material 1. 156 

Information Sources  157 

Four electronic databases (MEDLINE, CINAHL Ultimate, Scopus and the Cochrane Central 158 

Register of Controlled Trials (CENTRAL)) were searched to identify original research 159 

articles published from January 1st, 1995, to January 11th, 2024. We chose 1995 because this 160 

was the time of initial commercialisation of the internet, paving the way for web 161 

interventions27. After this, mobile and wearable technology was developed and implemented 162 

in exercise settings28. By searching within this time frame, the full spectrum of internet-163 

enabled digital interventions would be captured. Citation mining was also conducted for 164 

eligible papers. 165 

In review



 166 

Study Selection 167 

Once the scoping search was completed, all records were then downloaded into a single 168 

reference list using Zotero (version 6.0.26) and duplicates were removed using the de-169 

duplication function. From there, records were uploaded to Rayyan29 software for screening. 170 

Firstly, titles and abstracts were screened by the first author (EB) utilising the 171 

include/exclude/maybe and labelling functions in Rayyan in line with the inclusion/exclusion 172 

criteria. This was then confirmed by second author (JM) and agreement was reported via 173 

Cohen’s kappa statistic. Regular collaborator meetings were scheduled, where conflicts were 174 

discussed and resolved. These involved members of the research team explaining their reasons 175 

for including/excluding a study. Once titles and abstracts were reviewed, the included studies 176 

full texts were sourced and read in full by the first author (EB) in line with the 177 

inclusion/exclusion criteria, this was then confirmed by second author (JM) and agreement was 178 

reported. Conflicts were again resolved during reviewer meetings, and if they could not be 179 

resolved, a third reviewer (LH) decided the inclusion or exclusion of an article. 180 

Data Extraction 181 

Data extraction was completed by the first author (EB) using a pre-built Microsoft Excel 182 

(version 16.79.3) table. Data extracted included author(s), geographical location, study design 183 

and aim(s)/objective(s), N of participants, participant characteristics, digital intervention 184 

description, PA domain frequency of reminders, study setting, reported outcomes, 185 

adherence/compliance/attendance, and key findings. Considering the varied methodologies 186 

and outcomes our search elicited we tabulated the results into a data extraction table to allow 187 

for a narrative synthesis. 188 
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Outcome Measures 189 

The main outcomes reported in each study were measures of feasibility, usability, and efficacy. 190 

In terms of feasibility, we anticipated measures on recruitment rate, retention rate, adherence, 191 

cost effectiveness and logistical challenges. In terms of usability, we expected measures on 192 

ease of use, user satisfaction, learnability, error rate, and task efficiency. For efficacy we 193 

expected measures on clinical outcomes, functional outcomes, behavioural outcomes, and 194 

quality of life.  195 

 196 

 197 

 198 

 199 

 200 

 201 

 202 

 203 

 204 

  205 
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Results 206 

Study Selection  207 

Following the initial database search, 4778 articles were identified (Figure 1) and 3023 titles 208 

and abstracts were screened once duplicates were removed (k = 1745). Ten articles were not 209 

retrievable from databases. This resulted in 2918 articles being removed in line with the 210 

inclusion criteria and 102 full text articles being screened for eligibility as three full texts 211 

were not retrievable. Of these 102, 71 were removed, leaving 31 articles, a further three 212 

articles were identified by searching the reference lists of included articles and therefore a 213 

final total of 34 articles were included in the review. At the titles and abstract stage blind 214 

agreement between reviewers indicated via the Cohen’s Kappa statistic was 0.95 indicating 215 

almost perfect agreement and at the full text stage this was 0.39 indicating fair agreement.  216 

Figure 1. Records Identified Through Database and Reference List Searching  217 

***INSERT FIGURE 1 ABOUT HERE*** 218 

 219 

Study Characteristics 220 

Of the 34 studies included, publication year range spanned from 2005-2023 (Figure 2). 221 

Intervention locations spanned Europe, North America, Asia, and Oceania. As shown in 222 

Table 1, 13 of the studies were randomised controlled trials (RCTs)30–42, nine were feasibility 223 

studies43–52, three were randomised intervention trials53–55, three were pre-test/post-test 224 

designs 56–58, two were pilot studies59,60, one was a crossover trial61, one was a preclinical 225 

exploratory trial62 and one was a prospective cohort study63. All studies reported sample size 226 

and included community dwelling older adults (>60). Participants were a mixture of healthy, 227 

inactive, or frail individuals and others included people diagnosed with dementia or cognitive 228 
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impairment. The most popular digital intervention mode (k = 10) was exergames carried out 229 

at home or at senior community centres, eight used tablet-based approaches, five used 230 

videoconferencing mainly via Zoom, three used DVDs, three used a combined wearable and 231 

smartphone intervention, two used robotics, one used a combined wearable and tablet 232 

intervention, one used a smartphone intervention via an application with the option to also 233 

download onto a tablet, and one used an Amazon Alexa voice activated device (similar to a 234 

tablet intervention as this was delivered through an app on a touch screen version of the 235 

Alexa).  236 

Figure 2. Distribution of Digital Intervention Types From 2005-2023   237 

***INSERT FIGURE 2 ABOUT HERE*** 238 

A total of 18 studies employed a multicomponent PA intervention (aerobic, resistance, 239 

balance, and flexibility exercise), six used only balance training, four used only aerobic 240 

training, three used resistance training and two used step goals. A total of 18 studies 241 

employed reminders that were either built into the digital technology (calendar reminders or 242 

push notifications) or delivered via phone calls, text messages, emails, or home visits. In 243 

total, 23 studies reported outcome measures on efficacy, 19 reported feasibility and 11 244 

reported usability. Some studies used a mixture of these outcomes. 245 

Table 1. General study information pertaining to digital interventions in older adults in relation 246 

to physical activity/exercise. 247 

 248 

***INSERT TABLE 1 ABOUT HERE*** 249 

 250 

 251 
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Feasibility 252 

Of the 20 studies that evaluated the feasibility of the digital intervention used30,32,33,36,39,40,43–253 

51,53,59,60,62,63, 19 (out of 20; 95%) concluded the intervention was feasible in older adults. 254 

Digital interventions were feasible when delivered via videoconferencing on the Zoom 255 

platform48–50,53,60, exergames33,36,39,40,60, tablets and voice activation 45,47,51,59,62, smartphones 256 

combined with wearables30,32,43 and smartphones used independently46. Geraedts et al.63 257 

reported that a 6-month intervention combining a wearable activity necklace and tablet app 258 

was not feasible as they did not meet their adherence target (69%) because of internet 259 

connection issues.  260 

Among the studies evaluating feasibility, definitions varied. Some considered feasibility as 261 

the proportion of sessions completed or adherence to the intervention. Others defined it by 262 

participant satisfaction rates or dropout rates. Additionally, some studies focused on adverse 263 

events, defined as intervention-related incidents causing injury or study absence. Further 264 

definitions included the ability to recruit participants to target or the efficiency of technical 265 

and operational aspects. Many studies combined these criteria to assess the feasibility of their 266 

interventions. Feasibility metrics varied from study to study with a total of seven different 267 

measures used, with some using a combination of measures. Of the 20 studies 16 (80%) 268 

reported adherence which was based on a percentage calculation at the end of the 269 

study32,33,36,43–47,49–51,53,59,60,62,63, ten (47%) used participant satisfaction surveys, 270 

questionnaires and user evaluations , five (26%) measured the percentage of adverse 271 

events30,32,40,44–48,50–52,59,63, four (21%) measured attrition (drop-out) rate32,46–48, three (16%) 272 

calculated the retention rate48,51,59, and two (11%) measured the recruitment47,48.  273 

 274 

 275 
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Adherence 276 

Of the studies reporting adherence (16), information was given on how many sessions 277 

completed, attended or interactions with the technology. Of the 16 studies measuring 278 

adherence 14 (85%) reported high adherence levels in their intervention ranging from 54% to 279 

115% with many applying a minimum criterion. Two studies did not meet their adherence 280 

criteria when participants were asked to wear a wearable activity necklace synced with a 281 

tablet app63 and when participants were given an at home exergames intervention set up via 282 

their home television39. 283 

Questionnaires, Surveys and Interviews   284 

A total of 11 studies employed the use of questionnaires or surveys. Nine of the 11 studies 285 

reported users to be satisfied with the intervention and happy with their experience. One 286 

study which used a wearable activity necklace synced with a tablet app63 reported that some 287 

participants were unsatisfied with being left to do PA remotely and would prefer the research 288 

team to be in regular contact, they also stated they found the intervention hard to participate 289 

in due to internet connection issues. A further study reported that participants flagged 290 

technical issues52. 291 

 292 

Adverse Events 293 

None of the included studies reported serious adverse events during their digital interventions 294 

however, two studies reported minor events 45,59. One of these adverse events involved an 295 

incident where a participant fell while completing PA via a tablet app, no injury was 296 

sustained. The other adverse event involved a participant sustaining a strained calf during 297 

completing PA via a tablet app, no further injury was sustained.  298 
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Attrition, Recruitment and Retention  299 

10 out of the included studies reported on attrition, recruitment, and retention for their digital 300 

intervention. One study reported 17% attrition in their smartphone intervention group which 301 

was less than the non-digital intervention group46. A further study employing a tablet app 302 

reported a 17% attrition rate but only 7% recruitment rate47 and another study using a tablet 303 

app reported a 95% retention rate59. One investigation employing a smartphone app alongside 304 

a wearable had a recruitment rate of 93% and attrition rate of 0%32. One study which used 305 

videoconferencing via Zoom had an 11% attrition rate and 94% retention rate48.  306 

 307 

Usability 308 

Of the 12 studies which evaluated usability of their digital intervention five used a 309 

questionnaire/survey/enjoyment measuring approach42,48,50,60,61, four used the system usability 310 

scale (SUS)42,45,51,59, one measured interaction with their digital app47, one used a technical 311 

and operational survey63, and one used an interview32. Of the 11 studies reporting outcomes 312 

on usability all (100%) reported positive usability findings for combined wearable and 313 

smartphone interventions, tablet apps, exergames, videoconferencing, smartphone apps, 314 

combined wearable and tablet interventions and robotics.  315 

Questionnaires and Enjoyment Scales 316 

Of the six studies measuring usability via questionnaires or enjoyment scales five of these 317 

studies reported positive feedback from participants regarding the usability of the digital 318 

intervention. Alley et al.42 reported in a combined tablet app and wearable intervention that 319 

only 44% of participants found the in-built planning tool usable and only 51% found the PA 320 

plans usable.  321 
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System Usability Scale 322 

Three of four studies employing the SUS garnered positive results. Taylor et al.45 had a mean 323 

SUS rating of 68 for a tablet app intervention, Jansons et al.51 had a mean rating of 75 for a 324 

voice activated intervention, and Daly et al.59 had a mean rating of 86 for a tablet 325 

intervention, all of which are deemed above average usability.  In the study by Alley et al.42 326 

the mean SUS score was 61, which is below average. 327 

Interactions With Technology and Technical and Operational Usability 328 

One study reporting usability via interaction with the technology during the intervention 329 

reported positive results for a balance and strength intervention delivered via a tablet app47. It 330 

was reported 91% of participants could navigate messages posted on the apps in-built bulletin 331 

board and 100% could read the messages. However, the writing activities were not as usable 332 

as 64% were not able to write on the bulletin board and 46% were not able to write on the 333 

public inbox. One study reported technical and operational usability63 and reported issues 334 

with connection and navigation of the app (29 incidents). 335 

Interviews 336 

The single study employing an interview approach for a wearable and smartphone 337 

intervention revealed that 20 out of 21 participants agreed the wearable was easy to use and 338 

80% agreed the app was easy to use. Some participants stated that they did not fully utilise 339 

the app but may have done so if it included more features.  340 

 341 

 342 

 343 
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Efficacy  344 

Of the 23 studies reporting outcomes on efficacy30,31,33–41,48–51,53–58,61,62, only five completed 345 

an a priori sample size calculation37,54. A range of tools were used to report on this including 346 

physical health measures, muscular power, physical performance measures, muscular 347 

endurance, PA, balance testing, muscular strength, cognition, and questionnaires.  348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 

 362 
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Table 2. Summary of the key findings pertaining to efficacy of digital interventions in relation to physical performance metrics. The outcome 363 

measures described in the table are as follows; Short Physical Performance Battery (SPPB), Berg Balance Scale (BBS), Timed Up and Go (TUG), 364 

Centre of Balance Dispersion (COBD), 30 second chair stand test (30-sec CST), One Leg Stand Test (OLST), Fullerton Advanced Balance Test 365 

(FAB), Functional Reach Test (FRT), 10 sit to stands (10STS) 366 

 367 

Study Study 

Duration  

Intervention  Participant 

N (Mean ± 

SD Age)  

Sex Outcome 

Measure 

% Increase/Decrease 

from Baseline  

Sig.   

Granet et 

al.53 

12 weeks  Videoconferencing 

intervention 

conducted via 

Zoom. Mixture of 

aerobic, functional 

and resistance 

training 3x 1-hour 

sessions per week.  

83 

participants 

(70 ±5.1) 

M = 16 

 

F = 67 

SPPB 

 

 

 

10STS 

 

 

 

30-sec 

CST 

 

Live group = 5% 

Recorded group = -1% 

 

 

Live group = 60% 

Recorded group = 10% 

 

 

Live group = 33% 

Recorded group = 22% 

Yes 

No 

 

 

Yes 

No 

 

 

Yes 

No 
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Van Het 

Reve et 

al.62 

12 weeks Tablet intervention 

conducted via the 

‘ActiveLifestyle’ 

app. Mixture of 2x 

resistance and 5x 

balance training 

sessions per week. 

44 

participants 

(75 ± 8.6) 

M = 16 

 

F = 28 

SPPB 

 

 

Brochure group = 12%  

Social group = 23% 

Individual group = 11% 

Yes 

Yes 

Yes 

Bieryla and 

Dold.56 

3 weeks  Exergame 

intervention 

conducted via the 

Wii Fit. Mixture of 

3x sessions of 

balance and aerobic 

sessions per week. 

12 

participants 

(82 ± 5.5) 

M = 2 

 

F = 10 

BBS 

 

 

FAB 

 

 

FRT 

 

 

TUG 

Experimental = 6% 

Control = 5.8% 

 

Experimental = 5% 

Control = 3% 

 

Experimental = -3% 

Control = 0% 

 

Experimental = -6% 

Control = -12.5% 

Yes 

No 

 

No 

No 

 

No 

No 

 

No 

No 
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Karssmeijer 

et al.33 

12 weeks  Exergame 

intervention 

conducted via an 

exercise bike 

connected to a 

screen. Aerobic 

training 3x per 

week for 30-50 

minutes at 65-75% 

HR reserve. 

115 

participants 

(79 ± 6.9) 

M = 62 

 

F = 53 

TUG 

 

 

5TSTS 

 

 

 

10 metre 

walk test 

 

SPPB 

Experimental = - 2% 

Control = 4% 

 

Experimental = -8% 

Control = 7% 

 

Experimental = - 4% 

Control = -8% 

 

Experimental = 4% 

Control = 2% 

No 

No 

 

 

No 

No 

 

No 

No 

 

No 

No 

Lee et al.34 12 weeks  Robotics 

intervention 

delivered via hip 

exoskeleton. 

Mixture of weekly 

walking and 

resistance activity 

60 

participants 

(75 ± 4.1) 

M = 30 

 

F = 30 

 

 

10 metre 

walk test 

SPPB 

Largest increase reported 

per test by group: 

Group D = 7% 

 

Group D = 7% 
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dependent on study 

group. 

BBS 

FRT 

TUG 

Group D = 8% 

Group D = 18% 

Group B = -21% 

Yes 

Yes 

Yes 

Yes  

Szturm et 

al.35 

8 weeks  Exergame 

intervention. 

Strength training 

completed 2x per 

week for 45 

minutes. 

30 

participants 

(81 ± 6.5) 

M = 11 

 

F = 19 

BBS 

 

 

TUG 

Experimental = 21% 

Control = 21% 

 

Experimental = 20% 

Control = 51% 

Yes 

Yes 

 

Yes 

Yes 

 

Katrancha 

et al.57 

12 weeks  DVD intervention. 

Aerobic and 

balance training 

completed 3x per 

week for 45 

minutes.  

32 

participants 

(73 ± 8.6) 

M = 3 

 

F = 29 

COB 

measured 

via the Wii 

Fit balance 

board  

Eyes open right = 3% 

 

Eyes open left = -3%  

Yes 

 

 

Yes 

Yang et 

al.36 

5 weeks  Exergame 

intervention. 

Balance training 

completed 2x per 

20 

participants 

(68) 

M = 2 

 

30 Sec-

CST  

 

Experimental = 38% 

Control = 21% 

Yes 

Yes 
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week for 45 

minutes.  

F = 18  

TUG 

 

 

FRT 

 

 

OLST 

 

Experimental = -14% 

Control = -13% 

 

Experimental = 16% 

Control = 18% 

 

Experimental = 146% 

Control = 17% 

 

Yes 

No 

 

Yes 

Yes 

 

Yes 

Yes 

 

Shake et 

al.54 

10 weeks  Tablet intervention 

delivered via the 

‘Bingocize’ app. 

Mixture of aerobic, 

balance and 

resistance training 

completed 2x per 

week for 1 hour. 

105 

participants 

(73 ± 7.8) 

M =15 

 

F = 90 

30-sec 

CST  

 

 

4m walk 

test 

 

Experimental = - 17% 

Control = -5% 

 

Experimental = 8% 

Control = 6% 

Yes 

No 

 

No 

No 
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Yamada et 

al.37 

24 weeks  DVD intervention. 

Resistance and 

agility training 

completed 2x per 

week for 20 

minutes. 

84 

participants 

(83±6.1) 

M = 19 

 

F = 65 

TUG  

 

 

5TSTS 

Experimental = 2% 

Control = -2% 

 

Experimental = -2% 

Control = - 1% 

No 

No 

 

No 

No 

Montero-

Alia et al.38 

12 weeks  Exergame 

intervention 

delivered via the 

Wii Fit. Balance 

training completed 

2x per week for 30 

minutes.  

977 

participants 

(75) 

M = 400 

 

F = 577 

Tinetti’s 

Balance 

Test  

Experimental = 0% 

Control = 2% 

No  

No 

Roopchand-

Martin et 

al.58 

6 weeks  Exergame 

intervention 

delivered via the 

Wii Fit. 

33 

participants 

(70 ± 6.7) 

M = 7 

 

F = 26 

BBS Single group pre-

test/post-test = 3% 

Yes 

Wong et 

al.49 

12 weeks  Videoconferencing 

intervention. 

Resistance and 

functional training 

completed 3x per 

week. 

20 

participants 

(75 ± 7) 

M = 2 

 

F = 18 

TUG 

 

 

BBS 

Single group pre-

test/post-test = -21% 

 

Single group pre-

test/post-test = 12% 

Yes 

 

 

Yes 
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Franco et 

al.55 

3 weeks  Exergame 

intervention 

delivered via the 

Wii Fit. Balance 

training completed 

2x per week 10-15 

minutes.  

32 

participants 

(78 ± 6) 

M = 7 

 

F = 25 

BBS 

 

 

 

Tinetti’s 

balance 

test  

Wii Fit = 7% 

MOB = 7% 

Control = 2% 

 

Wii Fit = 3% 

MOB = 5% 

Control = 4% 

No 

No 

No 

 

No 

No 

No 

Granet et 

al.50 

12 weeks  Videoconferencing 

intervention 

delivered via 

Zoom. Mixture of 

aerobic and 

resistance training 

completed 3x per 

week for 1 hour. 

46 

participants 

(60) 

M = 13 

 

F = 33 

SPPB 

 

 

 

TUG 

 

 

30-sec 

CST  

Live-recorded-live group 

= 7% 

Recorded-live-recorded 

group = 2% 

Live-recorded-live group 

= - 8% 

Recorded-live-recorded 

group = - 8% 

Live-recorded-live group 

= 31% 

Recorded-live-recorded 

group = 30% 

No 

 

No 

No 

 

No 

 

Yes 
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Yes 

Gswhind et 

al.39 

12 weeks  Exergame 

intervention 

delivered via 

Microsoft Kinect. 

Balance training 

completed 3x per 

week for 40 

minutes and 

resistance training 

completed 3x per 

week for 15-20 

minutes. 

153 

participants 

(75 ± 6.5) 

M = 60 

 

F = 93 

SPPB 

 

 

TUG 

Experimental = 8% 

Control = 7%  

 

Experimental = - 2% 

Control = - 10% 

No 

No 

 

No 

No 

Padala et 

al.40 

8 weeks  Exergame 

intervention 

delivered via the 

Wii Fit. Aerobic 

and resistance 

training completed 

3x per week for 45 

minutes. 

30 

participants 

(68 ± 6.7) 

M = 26 

 

F = 4 

BBS Experimental = 8% 

Control = 0% 

Yes 

No 

Jansons et 

al.51 

12 weeks  Voice activation 

intervention 

delivered via 

Amazon Alexa. 

Resistance training 

completed in 

15 

participants 

(70 ± 4) 

M = 6 

 

F = 9 

30-sec 

CST  

Single group pre-

test/post-test = 10% 

No 

In review



‘snacks’ at 2x per 

day, 3x per day and 

4x per progressing 

in 4-week stages.  

Delbaere et 

al.41 

2 years  Tablet intervention 

delivered via the 

‘StandingTall’ app. 

Balance training 

completed 2 hours 

per week 

minimum. 

503 

participants 

(77 ± 5.5) 

M = 164 

 

F = 339  

TUG 

 

 

5TSTS 

 

 

 

10m walk 

 

 

 

SPPB 

Experimental = -3% 

Control = 0% 

 

Experimental = - 11% 

Control = -7% 

 

Experimental = - 2% 

Control = - 2% 

 

Experimental = 0% 

Control = 0% 

No 

No 

 

No 

No 

 

No 

No 

 

No 

No 

 

Ozaki et 

al.61 

12 weeks  Robotics 

intervention 

delivered via the 

‘BEAR’ system. 

27 

participants 

(73 ± 6) 

M = 7 

 

Gait speed  

 

Experimental = 4% 

Control = 2% 

Yes 

No 
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Resistance and 

balance training 

completed 2x per 

week.  

F = 20  

TUG 

 

 

 

FRT 

 

Experimental = - 7% 

Control = -3% 

 

Experimental = 10% 

Control = 1% 

 

Yes 

No 

 

Yes 

No 
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 369 

Physical Performance 370 

In total, 20 studies reported on measures of physical performance33–41,49–51,53–58,61,62. Of these 371 

studies, three reported significant increases in SPPB from baseline in their experimental 372 

group ranging between 5%-12%, with the largest increase to a mean score of 12, deemed 373 

high. One study reporting on 10STS reported a significant increase of 60%, this increase was 374 

calculated via an index score and essentially meant participants were able to complete 10STS 375 

repetitions quicker post intervention. Of the five studies reporting on the 30-sec CST, four 376 

reported significant increase from baseline ranging between 30%-38%, the study with the 377 

largest increase was able to increase 30-sec CST repetitions by 5.5 to 20, which meets 378 

healthy criteria for the age group. Of the six studies reporting on the BBS, five reported 379 

significant increases from baseline ranging between 6%-21%, the study with the largest 380 

increase had participants with scores in the 40s post intervention, indicative of being able to 381 

safely walk without assistance. Of the four studies reporting FRT, three reported significant 382 

increases from baseline between 10%-18%, the study with the largest increase had 383 

participants increase to an FRT value of 26cm, which is normative for their age group. Of the 384 

11 studies reporting on TUG, five reported significant reductions in TUG time from baseline 385 

ranging between 7%-51%, resulting in participants being able to complete this in under 15 386 

seconds, which is still below average for the age group. The sole study reporting on COB 387 

measured via the Wii Fit balance board reported a significant improvement of 3%. The one 388 

study reporting on the OLST reported significant improvements of 146% and 17% in the 389 

experimental and control group respectively, meaning the experimental group could stand on 390 

one leg for 12 seconds longer post intervention, bringing them, in line with reference values 391 

for their age. The singular study reporting on gait speed reported a significant improvement 392 
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in the experimental group of up to 4% from baseline, making the intervention group 3m/min 393 

faster post intervention. 394 

Muscular Power, Endurance, and Strength 395 

Of the 23 studies, six reported on either muscular power, endurance, or strength. Granet et 396 

al.53 used a videoconferencing intervention to improve muscular function and reported 397 

improvements of 21.4 in muscle power index score and 5 more sit to stand completions in the 398 

live group. Lee et al.34 reported improvement in lower extremity muscle strength for all three 399 

groups in their wearable robotic intervention measured via a digital dynamometer. 400 

Karssmeijer et al.33 reported no improvements in muscular strength or endurance measured 401 

via the five times sit to stand test after a 12-week exergame intervention.  Wong et al.49 402 

reported significant improvements in quadriceps strength after a 12-week videoconferencing 403 

intervention. Ozaki et al.61 reported improvement in lower extremity muscle strength for the 404 

intervention group compared to controls after a 12-week robotics intervention targeting 405 

muscle strength and balance. Shake et al.54 reported significant strength improvements in the 406 

arm curls test of up to 28%.  407 

Physical Activity  408 

Of the 23 studies, three reported on PA levels. Gothe et al.31 reported an up to seven minutes 409 

per week, improvement in objectively measured PA post 6-month DVD intervention. In 410 

contrast, Karssmeijer et al.33 found no significant improvement in PA measured via the PA 411 

scale for the elderly (PASE) after a 12-week exergame intervention. Li et al.52 reported that 412 

PA measured via a Moto 360 smartwatch was increased by 41.5 counts/minute in a 6-week 413 

wearable and tablet app intervention.  414 

 415 
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Questionnaires 416 

Of the 23 studies, three reported on efficacy via questionnaires. Gothe et al.31 reported a 417 

positive treatment effect seen through the Godin Leisure Time Exercise Questionnaire 418 

(GLTEQ). Further to this Wong et al.49 observed improvements in the short form health 419 

survey (SF-36) score. Jansons et al.51 saw positive changes in EQ-5D (a standardised measure 420 

of health-related quality of life) score after their 12-week voice activated intervention.  421 

Physical Health Measures  422 

Of the 23 studies reporting on efficacy of the digital intervention, one study reported physical 423 

health measures. Bowen et al.30 showed a reduction of 2.2 inches in waist circumference and 424 

2.5lbs loss in weight compared to the control group in a wearable and smartphone combined 425 

intervention. 426 

 427 

Discussion 428 

Principal Findings 429 

The review summarises existing literature, highlighting strengths, limitations, and key issues 430 

to guide future research opportunities. Our first objective was to conduct a systematic search 431 

of the literature on digital interventions in relation to PA in older adults. An in-depth search 432 

of the current literature was completed, and 34 studies were identified. Studies included in 433 

this review used a range of digital interventions including exergames, tablet-based apps, 434 

videoconferencing, DVDs, smartphone interventions, combined wearable and 435 

smartphone/tablet interventions and robotics. 436 

 437 
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 438 

Intervention Delivery 439 

The types and characteristics of the digital interventions reported in this review were 440 

exergames (k=10), tablet apps (k=9), videoconferencing (k=5), DVDs (k=3), combined 441 

wearable and smartphone interventions (k=3), combined wearable and tablet interventions 442 

(k=1), robotics (k=2) and smartphone only interventions (k=1). This may be surprising as 443 

ownership of smartphones far outstrips exergame ownership, tablet ownership, DVD player 444 

ownership, and wearable ownership64. However, it is important to consider timelines as the 445 

present review included studies spanning from 2005-2023. Before 2007, there were no 446 

software development kits (SDKs) for Apple or Android smartphones65 making it technically 447 

impossible to develop a mobile intervention. Furthermore, it may be surprising that 448 

exergames were the main intervention type included in the present review as recreational 449 

gaming is lowest in this age group66. However, previous literature has demonstrated that 450 

exergames as a mode of delivery are desired as they help overcome exercise barriers for older 451 

adults by introducing an element of fun while providing physical and cognitive 452 

engagement67. However, only one included study by Gschwind et al.39 used a co-design 453 

approach consulting older adults during the design phase of their intervention, which is a key 454 

step in ensuring this intervention type can be executed effectively.  455 

In terms of reach, mHealth would be the most pragmatic means to engage older adults. In 456 

terms of scalability, mHealth would also be superior to videoconferencing, robotics, and 457 

DVD-based interventions68, given the potentially automated nature of mHealth. Specific 458 

elements of mHealth such as real time feedback and personalisation help interventions by 459 

motivating individuals and crafting workouts based on fatigue levels69. A key strength of 460 

mHealth studies is the ability to use push notification reminders to enhance adherence to the 461 
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intervention. A push notification is defined as an alert generated by an application when the 462 

app is not open which notifies the user of a new message or updates, which is particularly 463 

important in older adults due to the need for a focus on safety, motivation and reminders70. 464 

For example, the included study by Liu et al.32 utilised reminders via the Fitbit app which 465 

notified participants via their mobile phones and wearable which 55% of the sample agreed 466 

increased their exercise self-efficacy. However, it could be argued some of the included 467 

mHealth studies have not used mHealth capabilities to their full potential. For example, an 468 

included study by Bowen et al.30 only used text message reminders. Studies like this may 469 

benefit from taking advantage of more features such as push notifications within apps to 470 

bolster the intervention delivery71. While many studies have yet to fully explore the 471 

comprehensive potential of mHealth interventions, it is technically feasible to implement 472 

such systems. For instance, the included study by Mair et al.43 developed an mHealth 473 

intervention that successfully integrated behaviour change theory, incorporating elements 474 

such as goal setting, automated push notifications, and queries to external servers (in this 475 

case, weather services). This approach highlights the capability of mHealth platforms to 476 

achieve data fusion, effectively enhancing support for physical activity interventions. 477 

Two of the studies in the present review employed email reminders. Email reminders have 478 

substantial limitations, often being overlooked or sent to junk folders. Agachi et al.72 reported 479 

emails as a form of reminder do not effectively increase physical activity uptake. 480 

Müller, Khoo and Morris73 demonstrated positive effects in a text messaging intervention, 481 

however, authors reported after the text message reminders ceased so did participation levels 482 

in PA. Conversely, studies included in this review such as Mansson et al.46 and Liu et al.32 483 

utilised mobile apps which allow for more robust reminders and unlock more potential of 484 
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mHealth by using customised workouts and linking with wearables and obtaining more 485 

data74.  486 

Delbaere et al.41 employed reminders built into a calendar within the app to promote PA, with 487 

promising results.  However, these reminders were manually created by participants, which is 488 

likely to increase participant/user burden and does not really harness the power of digital 489 

technology75. Some studies used home visits as their method of reminding participants to take 490 

part in PA. For example, Taylor et al.45 reported that by week 12, only 54% of the desired PA 491 

dose was being completed by participants. Interestingly, the dose was set at 40 minutes 492 

increasing by 20 minutes every two weeks eventually reaching 120 minutes. It is possible this 493 

increase may have been too quick for some of the sample, which caused the high attrition. 494 

Future trials are needed over a longer period to gain a sense of appropriate increases in PA 495 

dose to maintain acceptable levels of adherence, but also achieve the desired physiological 496 

adaptations and disease risk reductions. It should be noted that the study in question only had 497 

a sample of 15, meaning that this % of participants completing the desired PA dose may 498 

mean the intervention is not scalable in the general population. Finally, smartphones may 499 

offer potential to enhance adherence. While tablets are typically used only at home, reliant on 500 

wireless local area networks (WLAN), smartphones are usually kept near to the body and 501 

allow for notifications to be delivered to participants in the moment76. Further to this point, 502 

smartphones can also be paired with wearable devices such as smartwatches which allow for 503 

‘nudge theory’ to be applied. Nudge theory refers to subtly guiding decisions and 504 

behaviours77. In this context, a wearable paired with a smartwatch can further enhance the 505 

potential for mHealth, as the wearable permits measurement of PA metrics78 and allows for 506 

the delivery of just-in-time adaptive interventions (JITAIs78) to promote PA behaviours. An 507 

additional benefit is that the wearable can itself produce notifications or mirror those of the 508 

smartphone79. Of course, owning a wearable requires resource and financial commitment and 509 
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technical literacy, which may be perceived as a barrier to adoption, especially in older 510 

populations80. 511 

An important result of the present review is that all but one mHealth studies were conducted 512 

in participants' natural environments. This enhances ecological validity, providing a realistic, 513 

authentic depiction of how interventions may perform in real-world settings (i.e. 514 

effectiveness rather than merely efficacy81), facilitating replication82. Despite the obvious 515 

potential and observed benefits of mHealth and eHealth research included in this review, 516 

there are cost implications of device ownership. This is a particular issue with tablet-based 517 

interventions as currently the latest Apple iPad retails at $1265. This may be why eight out of 518 

the nine tablet interventions provided participants with a device and this must be considered a 519 

barrier to implementation at scale83. However, as prices for tablet computers reduce, and 520 

digital literacy improves in older populations, the use of tablets may be beneficial for older 521 

adults with reduced dexterity and impaired vision as a larger screen may increase useability 522 

compared to a smartphone84, 85.  523 

Exergames  524 

Of the included studies, exergaming was a popular approach33,35,36,38–40,55,56,60, and the findings of these 525 

studies were mixed. Notably, interventions that spanned 3 weeks and 12 weeks38,55 reported no 526 

meaningful improvements in balance. Conversely, the included Wii-Fit study by Roopchand-Martin et 527 

al.58 employed a six-week intervention and reported improved balance which is in line with previous 528 

work by Nicholson et al.86. However, it should be noted this study had a sample size of 33, lacked a 529 

control group and did not complete a sample size calculation so such improvements in balance may be 530 

attributed to other regular daily activities and familiarity with the outcome measures. Exergames, like 531 

tablet interventions, require financial investment, with equipment costing $150-$250, making large-532 

scale interventions potentially unfeasible87. 533 
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Videoconferencing  534 

Of the studies which used videoconferencing software44,48–50,53, those run remotely which utilised live 535 

sessions44,48–50,53 proved more effective than those which were pre-recorded50,53, consistent with 536 

previous research by Klonova et al.88. One study which was held at a community centre resulted in 537 

lower attendance rates compared to remote studies, highlighting greater accessibility of entirely 538 

remote interventions, and how this may improve adherence89. It seems illogical to us to travel to a 539 

physical location to receive a remote intervention, and with improvements in technology over the past 540 

decade, this would unlikely occur in 2024 in real-world settings. Despite safety concerns in remote 541 

interventions90, no adverse events were reported in the studies in the present review, as regular safety 542 

screenings and home visits were conducted.  543 

DVDs and Robotics  544 

The studies using DVDs31,37,57 reported positive results and this was in line with similar DVD 545 

interventions in older adults by McAuley et al.91, who reported balance improvements of 0.53 in 546 

SPPB rating in a 6-month DVD intervention. Higher attendances were observed in interventions held 547 

at senior community centres suggesting the need for direct guidance, as older adults may struggle with 548 

DVD functionality or adherence92. With the rise of apps such as Apple Fitness+, it is possible to 549 

implement interventions similar to those that have used DVDs to mobile apps using elements such as 550 

home workouts through inbuilt streaming services accessed via a smartphone, smart TV, laptop or 551 

tablet rather than a DVD player, in keeping with technological advancements93. 552 

Robotics studies reported improvements in gait and balance improvements34,61. However, the benefits 553 

of mHealth far outstrip the time and cost burden of robotic interventions. We therefore believe 554 

research should pursue mHealth instead, certainly in larger scale interventions with ‘healthy’ older 555 

adults94. As discussed, the rise of fitness streaming services offers an avenue to streamline these 556 

successful methodologies into an mHealth approach. 557 

Reported Outcomes (Feasibility, Usability, and Efficacy)  558 
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Feasibility  559 

The third objective was to outline outcomes reported in included studies (usability, 560 

feasibility, and efficacy). Most studies found digital interventions feasible30,32,33,36,39,40,44–561 

51,53,59,60,62,63 for older adults, though adherence was less clear, with just over half meeting 562 

their own criteria. High adherence was most common in smartphone interventions30,46,54 563 

(95%), aligning with Alasfour and Almarwani95, who attributed increased adherence to the 564 

attractive and motivational features of the smartphone app. This emphasises the potential of 565 

well-designed mHealth applications to sustain adherence96. In the context of the present study 566 

the adherence rates are high in comparison to other intervention delivery types, for example, 567 

one of the included interventions which used the Wii Fit60 registered an adherence rate of 568 

84% in a 12-week intervention including two weekly sessions which were 30 minutes in 569 

duration. A tablet intervention conducted over two weeks with 10 PA sessions lasting 570 

approximately one hour in duration also reported good adherence to their PA intervention 571 

(73%)47. It is also important to note, both the studies had a higher sample size than the 572 

mHealth study, but still less adherence in terms of actual number of sessions attended 573 

indicating that boarder scale mHealth studies may have even more potential for increased 574 

adherence. Exergame interventions also had high adherence. Anderson-Hanley97  reported 575 

80% adherence in their exergame intervention, and Pacheco et al.  found that all studies using 576 

Wii Fit had adherence levels above 90%, with none below 80%. Exergames engage older 577 

adults through enjoyable PA, likely explaining higher adherence98. Yet, most studies reported 578 

herein were of short duration (up to 12 weeks) and Höchsmann et al.99 suggested greater 579 

long-term adherence for smartphone interventions due to personalising the user experience 580 

and goal setting, an area where exergames often fall short may be plausible.  581 

In review



The highest rates of attrition (~17%) were found in two studies46,47 which used both mHealth 582 

and eHealth approaches (smartphones and tablets) respectively. It is important to note, one 583 

intervention lasted 4 months, which is a particularly long intervention time in comparison to 584 

the other study and may have influenced the level of attrition observed. However, it is 585 

important to note that this length of time gives a greater indication of real-world adherence 586 

and is a crucial consideration for the sustainability and lasting impact of the intervention. 587 

Previous work by Devereux-Fitzgeraldet al.100, found long interventions in older adults often 588 

cause boredom or too much cognitive load resulting in high attrition rates. One of the 589 

included studies with a relatively high attrition rate attributed this to connectivity issues. This 590 

is in line with the RCT completed by Baez et al.101 which had an attrition rate of 8%. The 591 

higher rate of participant drop out was attributed to poor internet connection which could not 592 

be solved. Thus, it is key that interventions consider including offline functionality within 593 

their technology to allow participants to benefit during times where connection may drop 594 

off102. Future mHealth and eHealth interventions should consider internet connectivity issues 595 

and methods to overcome them to maintain participation. This could be implemented by 596 

minimising data requirements, including offline content, or including lower data requirements 597 

(e.g. alternative text instructions when video playback is unavailable). Therefore, we suggest 598 

a focus on mHealth studies with key considerations for connection and cognitive load, well 599 

designed mobile apps with offline functionality would be able to surpass the barriers faced by 600 

studies in the present review. 601 

The highest recruitment rates were seen in interventions employing wearable devices 602 

combined with smartphone apps (93%). In previous studies, wearable devices have shown 603 

good recruitment and retention rates in older adults103. However, a previous focus group104 604 

reported older adults found it difficult to remember to wear the activity tracker. Conversely, 605 

Brickwood et al.105 managed to recruit 365 older adults to their RCT. This study highlighted 606 
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the live data tracking of participants’ PA was a particular strength, as most participants were 607 

interested by these insights. This speaks to work from our own laboratory, whereby we 608 

completed a JITAI to maintain PA during the COVID-19 lockdown and a large proportion of 609 

participants would navigate to the wearable’s companion app for deeper insights into their 610 

PA completion78. This was surprising to us as we intended to limit participant burden, but in 611 

fact participants wanted the information, despite the burden. 612 

With regards to retention, high rates were found in videoconferencing interventions (94%). 613 

Despite this positive finding, the scalability of such eHealth interventions is limited by the 614 

time constraints on calls and the maximum number of participants that can participate in 615 

videoconferencing88. We therefore suggest the positive aspects of these intervention types 616 

such as the social motivation on live PA calls be channelled into larger studies taking an 617 

mHealth route. 618 

Usability 619 

High usability was reported in exergame and robotics interventions respectively as per study 620 

feedback questionnaires. Participants highlighted that over time they were able build up 621 

technical competence in using the equipment60, this is in line with a previous review that 622 

stated in most studies older adults rated exergames as highly usable106. It should be noted that 623 

both interventions reported in this review took place in laboratory setting with researcher 624 

support. We argue this limits authenticity, scalability, and reach, reducing ecological validity 625 

and thus rendering this type of PA support unsuitable for population-level implementation.  626 

High SUS scores were observed in mHealth interventions included in the review. This is in 627 

line with previous smartphone interventions by Kim et al.107 who had a post intervention SUS 628 

score of 72 in their cohort. For context, the SUS contains 10 items scored from one to five on 629 
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a Likert scale with scores above 68 considered above average108. Similarly, work by Perotti et 630 

al.109 also found high SUS scores in an online intervention employing smartphones and 631 

tablets. The study by Lee and Ryu110 highlighted these interventions are particularly usable as 632 

a training function can be built into the app, which further supports older adults in getting the 633 

best out of the intervention. However, one eHealth study which dropped below average SUS 634 

score (61) was a web-based tablet intervention. This highlights the need for apps and 635 

websites within interventions to be better designed in line with older adults needs and future 636 

research in mHealth/eHealth interventions should build ‘how to videos’ to further improve 637 

usability scores111. Further to this, we suggest that research should steer towards using 638 

mHealth interventions to their full potential by building apps rather than employing a single 639 

browser on a small screen. 640 

 641 

Efficacy  642 

Of studies reporting efficacy, concerningly only two32,37  completed an a priori sample size 643 

calculation, limiting confidence in results112. Efficacy was observed in physical performance 644 

outcomes across a range of videoconferencing interventions. This is in line with previous 645 

research by Wu and Keyes113  which demonstrated the potential for videoconferencing 646 

interventions to improve a range of balance and functional parameters in older adults, noting 647 

participants were highly satisfied with the interventions format. Similarly, positive effects 648 

were also found for the same outcomes in those studies in the review employing a tablet 649 

intervention. This is also in line with previous literature by Nikitina et al114. Despite this, in 650 

one of the included videoconferencing studies by Granet et al.50, only the live group 651 

improved. Therefore, despite positive findings in both digital intervention types, tablet 652 
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approaches offer the opportunity for further, more in-depth coaching and scalability 653 

improving the intervention outcomes115.  654 

The efficacy of exergame interventions for improving balance and physical fitness was 655 

heterogeneous, with notable shortcomings. This contrasts with Hernandez-Martinez et al.'s116 656 

meta-analysis, which found exergames effective for enhancing balance in older adults across 657 

10 studies. However, the interventions in their meta-analysis spanned up to 20 weeks, while 658 

some in the current review lasted only three weeks55. Previous literature117  has reported 12 659 

weeks as a minimum duration for improvements in VO2max in older adults, which may 660 

indicate that studies in the current review may have been too short in duration to produce 661 

desired effects, indicating a need for research to consider longer interventions118. 662 

Studies reporting on muscular adaptations generally showed favourable effects. 663 

Improvements were seen in videoconferencing interventions49,50,53, in line with previous 664 

research by Edna Mayela et al.119 who reported increased muscular strength and endurance in 665 

older adults in a Zoom delivered PA RCT intervention lasting up to 36 weeks with two to 666 

five sessions delivered weekly. To the best of the authors knowledge there are no mHealth 667 

interventions targeting muscular adaptations in the literature. This is a concerning and notable 668 

finding, given the considerable economic burden of sarcopenia120, a progressive skeletal 669 

muscle disorder characterised by reduced skeletal muscle quantity and function. Sarcopenia is 670 

associated with a range of negative health outcomes including frailty, falls, reduced quality of 671 

life and mortality120,121. The estimated current cost of sarcopenia is ~£3 billion per year in the 672 

UK9. Older adults exhibit high levels of physical inactivity or sedentariness4, but even fewer 673 

complete the recommended muscle strengthening exercise volume5. Therefore, given the 674 

need for muscle strengthening interventions in older adults, we would have expected more 675 

mHealth interventions targeting muscle strength.  676 
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In terms of efficacy in increasing PA, success was found in those interventions who 677 

employed a tablet and wearable device intervention. While exergame interventions struggled 678 

to increase PA, levels post interventions. This is in line with previous research which has 679 

found mHealth and wearable interventions efficacious in improving PA levels in older 680 

adults122. Notably, the tablet and wearable interventions were up to 50% shorter than those 681 

using exergames. These findings suggest that tablet and wearable devices have more potential 682 

for increasing PA in older adults than exergames. This may be due to the unique 683 

personalisation features in mHealth interventions which may not be replicable in exergame 684 

settings. This allows older adults to set their own goals around PA and in turn increasing their 685 

motivation123.  686 

Further studies utilising videoconferencing software49 and tablets41  reported positive effects 687 

via EQ-5D and SF-36 scores, these are questionnaires which measure overall sense of health 688 

and wellbeing.  These findings are in line with previous research showing similar effects in 689 

these intervention types124. As well as being efficacious at improving sense of health and 690 

wellbeing, studies in the included review also helped improve physical health measures such 691 

as body composition30. These findings highlight the potential for overall health and wellbeing 692 

effects in long term mHealth interventions underlining the need for further developments125. 693 

Overall, the included studies demonstrated efficacy across a wide range of digital 694 

interventions. Notably, the significant scalability of mHealth interventions presents enormous 695 

potential. Therefore, integrating the effects observed in eHealth and various PA protocols into 696 

future mHealth studies could ensure optimal results. 697 

 698 

Understand User Perspectives  699 
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Higher participant satisfaction levels were observed in smartphone and videoconferencing 700 

interventions (100% and 97% respectively). These findings agree with previous literature by 701 

Mair et al.78 and Cohen-Mansfield et al.126 in which consistent high user satisfaction was 702 

reported. Effective eHealth features, such as live coaching and social interaction seen in 703 

videoconferencing127 could be adapted into mHealth interventions but would result in 704 

decreased personalisation or reach because one ‘coach’ cannot personalise feedback for 705 

hundreds of thousands of users. 706 

In the current review, participant feedback underscored that usability was less clear in tablet-based 707 

interventions42, particularly concerning the in-built PA plan features within the apps. Notably, the 708 

study that identified this42 was a larger-scale intervention (sample size ≈ 120). This finding is 709 

significant, as previous research by Soto-Bagaria et al.128 also highlighted usability challenges with 710 

apps in larger-scale interventions. Given that even effective interventions do not work for all 711 

participants129, it may be pragmatic to accept lower usability for increased reach or sample size. By 712 

this we mean it may be preferred if half of ten million participants experience a positive effect of an 713 

intervention despite faults, rather than 100% of 100 participants experiencing a positive effect of the 714 

better-designed intervention. 715 

When measuring usability of their intervention, only one included study used a validated 716 

questionnaire or survey. Granet et al. (2023)50 employed the Motivation Scale towards PA in 717 

a Health Context (MSPAHC), which is specifically designed to measure motivation for PA 718 

rather than the effectiveness of digital interventions. This limitation highlights a significant 719 

gap in the current research. It suggests a pressing need for future studies to incorporate 720 

instruments like the mHealth App Usability Questionnaire (MAUQ) to properly assess 721 

usability, as recommended by Zhou et al.130 and it is therefore, difficult to generalise 722 

questionnaire findings in the current review due to their divergent domains. A promising 723 
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finding was 100% usability in included mHealth studies30,46,54, indicating strong potential for 724 

future interventions.  725 

 726 

Recommendations for Advancement in the Investigative Area  727 

This review found no studies examining muscle function via a smartphone app. In this regard, 728 

only five of the included studies34,35,49,50,62 measured muscular outcomes with four out of five 729 

observing improvements34,49,50,62, demonstrating the potential for remote muscle 730 

strengthening interventions. Thus, the primary recommendation from this review is to 731 

increase mHealth studies considering muscle strengthening in older adults. mHealth offers 732 

advantages over eHealth, such as portability, enhanced communication, and scalability131. 733 

Since mobile internet usage surpassed desktop in 2016, leveraging mHealth is crucial132. A 734 

more specific recommendation is the utilisation of mobile applications as the primary 735 

mHealth intervention type. Using apps allows for a new level of accessibility and participant 736 

convenience which cannot be found in eHealth types133, further to this, the use of push 737 

notifications can act as timely reminders to participants to stay motivated and visualise their 738 

own progress134. With the increase in smartphone ownership and the benefits underlined in 739 

using this approach mHealth seems a suitable and scalable way forward for digital exercise 740 

interventions to reach their full potential135. mHealth is a cost effective and scalable solution 741 

for digital exercise interventions136. Much of the included studies used eHealth approaches 742 

such as exergames, which as discussed have financial barriers for researcher, participant or 743 

both137. Furthermore, this technology is often not readily available in older adults’ homes, 744 

unlike smartphones.  745 

Addressing muscle strengthening is vital because few older adults meet the PA guidelines for 746 

muscle strengthening activities138, risking sarcopenia, reduced stability and mobility, 747 
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decreased bone density, and chronic diseases1. Although muscle-strengthening activities are 748 

harder to measure than aerobic activities, researchers and professionals should not avoid 749 

muscle strengthening interventions. The second recommendation is to learn from successful 750 

eHealth strategies in terms of usability, feasibility, and acceptability, and adapt them for 751 

mHealth, benefiting from its time-efficient approach74. Thirdly, only seven (~20%) included 752 

studies31,33,38,39,41,42,54  had a sample size over 100, and only six had interventions longer than 753 

three months. Long-term, large-scale studies are needed despite their cost and time 754 

commitment, as they allow participants to familiarise themselves with new technology and 755 

help researchers identify and address attrition139. It is also hoped further research can 756 

implement behavioural change in order for participants to continue their new exercising 757 

habits in turn further reducing long term pressure on the National Health Service (NHS). 758 

Finally, further studies are necessary to evaluate the feasibility, usability, and efficacy of 759 

mHealth muscle-strengthening approaches, to ensure best practices.  760 

 761 

Strengths and Limitations  762 

Within this review there are several strengths and limitations that must be considered. Firstly, 763 

the included studies used a vast range of digital exercise interventions. Studies were carried 764 

out across a range of settings utilising different intervention types, modes of exercise, 765 

difficulty of exercise, and a range of different participants at differing levels of abilities. This 766 

heterogeneity made direct comparisons between interventions challenging which may be a 767 

limitation of this review. That said, our a priori aim was to catch a broad range of 768 

interventions and identify strengths and limitations of each area, so this could also be 769 

perceived as a strength of the current review. It should be noted that 63% of included studies 770 

involved older adults between 60-75 and so it may be the case that findings in this age group 771 
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may not manifest in older age groups (80+), further research is needed in this age group to 772 

clarify. Within the included studies there was a focus on older adults who were inactive and 773 

as such, there may be recruitment bias and results may not extend to active older adults. 774 

Further to this, a small minority included older adults with degenerative diseases and as such 775 

further research is needed to confirm findings in those with comorbidities. This review may 776 

have been subject to publication bias as the vast majority of included studies had positive 777 

findings in either feasibility, usability or efficacy, as studies with positive findings are more 778 

likely to be published, this may lead to an overestimation of the effectiveness of these 779 

intervention types in line with the outcome measures. Furthermore, as stipulated in table 1, 780 

much of the research took place in high income countries where there is likely a good 781 

standard of digital literacy. This limits the findings applicability to developing nations 782 

populations and therefore, further investigations in these settings are needed to establish 783 

intervention suitability. Furthermore, studies involved participants from different sexes and 784 

further research is needed to observe the impact this has on digital exercise intervention 785 

implementation.  Lastly, the inclusion criteria stipulated studies must be published in English 786 

and therefore, it is possible robust interventions have been missed that have been published in 787 

other languages. 788 

 789 

Conclusions and Practical Recommendations  790 

Overall, there is an evident absence of mHealth approaches in the literature, with 20 of the 791 

included studies using eHealth. Most mHealth studies involved tablet interventions, 792 

highlighting a need for more smartphone application studies. We do expect that mHealth 793 

studies will proliferate over the coming years, with the increasing ease of app development 794 

such as ‘no-code’ and R packages like Shiny now making app development more accessible. 795 
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Additionally, there was a lack of muscle-strengthening interventions via smartphone apps. 796 

We hope the increasing ease of app development will facilitate increased research interest in 797 

muscle strengthening approaches, despite the challenge of measuring muscle function. Before 798 

long-term RCTs which are necessary to test efficacy or effectiveness, feasibility, usability, 799 

and efficacy, studies are required to ensure the greatest chance of future behaviour change 800 

and efficacy. This review provides a comprehensive resource for future research and 801 

indicates older adults are comfortable using digital interventions, including smartphones.  802 

mHealth could offer a cost-effective, scalable, and sustainable means to target muscle 803 

strengthening. In conclusion, digital interventions are generally feasible, usable, and effective 804 

in older adults, and this review's findings can inform future work. 805 
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