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Abstract
Objective: Frailty is a significant health problem that results in adverse outcomes, reduced quality of life, and increased
medical and nursing care costs. This study aimed to review the effect of digital health interventions on improving physical
activity, physical function, and social function in non-older individuals at risk of frailty.
Methods: Randomized controlled trials of digital health interventions reporting frailty-related outcomes on physical
activity, physical function, and social function in non-older individuals at risk of frailty were collected. The literature
was reviewed, and the risk of bias was assessed. Meta-analyses were conducted for each outcome, and the certainty
of evidence was assessed using Grading of Recommendations Assessment, Development, and Evaluation.
Results: The review included a total of 63 records. The meta-analysis showed that digital health interventions positively
affected the volume of physical activity, daily steps, walking test, walking speed, VO2peak, dynamic gait index, timed up
and go test, and MOS 36-Item Short-Form Health Survey Social Functioning. However, no significant effect on the time of
physical activity was found. Despite the absence of fatal bias, the overall certainty of the evidence was not high because of
the small number of studies and participants included in the analysis.
Conclusions: Digital health interventions can improve physical activity, physical function, and social function in non-
older individuals at risk of frailty. However, the evidence had limited certainty, and the evidence supporting the effect
of digital health intervention is insufficient. Thus, more studies are needed to clarify the effects of these interventions.
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Introduction
Frailty is a clinical syndrome characterized by decreased reserve
and resistance to stressors causedby thedeteriorationofmultiple
physiological systems, leading to increased vulnerability.1

Frailty affects approximately17%of community-dwellingolder
adults and 47% of hospitalized patients, and its prevalence
increases with age.2,3 Frailty is associated with adverse out-
comes such as death, hospitalization, and falls.4,5

Social frailty is another significant issue. It is defined as a
lack of social resources, activities, and self-management
skills6 and can adversely affect physical and cognitive func-
tion through limitations in social activities and a range of
actions.7 The adverse outcomes of frailty negatively affect
an individual’s health and quality of life and lead to
increased medical and nursing care costs. Therefore, frailty
prevention is crucial to mitigate these issues.

In recent years, digital health interventions have gained
attention in the medical field. Digital health refers to the
use of information and communications technologies,
such as wearable devices, mHealth, and artificial intelli-
gence (AI), to manage disease, mitigate health risks, and
promote overall well-being.8,9 Furthermore, digital health
is expected to enhance patient care by improving access
to healthcare and playing a greater role in disease monitor-
ing and management.10 In addition, digital health is being
used to improve the quality, efficiency, and productivity
of medical and long-term care services, where labor
shortages are a concern.11 However, ensuring the security
and privacy of patient data remains a challenge in the imple-
mentation of digital health.10 Moreover, its potential effect
on health disparities has raised concerns.12 Although digital
health presents both benefits and challenges, further explor-
ation is needed to promote its effective utilization.

The effects of digital health interventions on disease pre-
vention, management, and treatment have been examined
across various conditions. A systematic review published
in 2023 examined the effect of eHealth interventions for
older adults with frailty.13 However, their effects on phys-
ical activity, physical function, and social function in non-
older individuals at risk for frailty remain unclear.
Non-older individuals may demonstrate higher digital liter-
acy and adaptability than older adults,14 making digital
health interventions potentially more effective. Because
ageing, multimorbidity, and functional disability are risk
factors for frailty,15 prevention from midlife is essential.
A review of the effects of digital health interventions on
preventing frailty in non-older individuals at risk of frailty
could be useful for future research and development of

intervention programs. Thus, this review aimed to deter-
mine the effects of digital health interventions on physical
activity, physical function, and social function in non-older
individuals at risk of frailty.

Methods
This review complied with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2020 Statement
(Supplemental Material 1).16 The review protocol was regis-
tered with PROSPERO (Registration no. CRD42023452784).

Criteria for considering studies for this review
This review evaluated the enrolled studies according to the
inclusion/exclusion criteria provided in Table 1.

Studies. The study included randomized controlled trials
(RCTs) or cluster RCTs. No restrictions were set based
on the number of participants, duration of intervention, or
country.

Participants. This review included studies that focused on
non-older individuals at risk for frailty. Individuals at risk of
frailty were defined as those with comorbidities such as
lifestyle-related diseases, obesity, cardiopulmonary diseases,
cerebrovascular diseases, autoimmune disorders, and chronic
pain. In addition, studieswere considered to include non-older
individuals if the mean age of the participants was <60 years.
In this review, this group was defined as “non-older indivi-
duals.” Non-older people generally have higher adaptability
to and experience with digital health, which leads to greater
acceptability and feasibility of the intervention. Studies,where
themean age of the participantswas≥60 years,were excluded
because older adults often have lower digital health literacy
and difficulties with digital health interventions.9 Studies
with participants aged <18 were also excluded.

Interventions. Studies of digital health interventions aimed
at improving frailty-related outcomes such as physical
activity, physical function, and social function were also
included. No restrictions on the duration of the intervention
were set. However, studies on disease-specific digital health
interventions, such as those aimed at improving motor or
sensory paralysis, involuntary movements, or ataxia, were
excluded.

This review included digital health interventions utiliz-
ing videoconferencing, sensors, games, virtual reality
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(VR), applications or websites, AI, and messaging for mon-
itoring, health promotion, exercise therapy, counseling,
communication, etc. The control group did not receive
intervention or digital health interventions.

Outcome measures. Evaluations of physical activity, physical
function, and social function are crucial for frailty-related out-
comes. Therefore, the followingmeasures were selected as pri-
mary outcomes, using values at the end of the intervention or
the closest available time point: volume of physical activity,
time of physical activity, daily steps, walking test, walking
speed, VO2peak, dynamic gait index (DGI), timed up and
go test (TUG), and MOS 36-Item Short-Form Health
Survey (SF-36) Social Functioning. VO2peak reflects exercise
tolerance,17 DGI assesses dynamic stability during walking,18

and TUG evaluates mobility and balance.19 SF-36 is a tool that
assesses health-related quality of life.20 In this review, the
social functioning score obtained using SF-36 was used to
evaluate social activity and satisfaction, which are related to
social frailty.

To examine the feasibility of digital health interventions,
dropouts, and cost-effectiveness were set as secondary out-
comes. Dropouts were defined as the number of participants
who discontinued the intervention from the time of assign-
ment to the end of the intervention.

Search strategy
A search strategy was developed with a librarian, and pub-
lished studies were systematically searched. The search was
limited to records published in English. The following data-
bases were searched, and all relevant published studies were
identified:

1. MEDLINE (Ovid): coverage date, 1 January 2000–
31 March 2023

2. Webof ScienceCoreCollection (ClarivateAnalytics):
coverage date, 1 January 2000–31 March 2023

3. Cochrane Central Register of Controlled Trials
(CENTRAL): coverage date, 1 January 2000–31
March 2023

Searches in MEDLINE and the Web of Science Core
Collection were last performed on 15 August 2023, and
that in the CENTRAL on 5 September 2023. Please refer
to PROSPERO (Registration no. CRD42023452784) or
Supplemental Material 2 for search strategies.

Data collection and data extraction
After removing duplicates, the remaining studies were
screened in two steps based on the inclusion criteria using
Rayyan.21 Seven review authors (YS, KU, YK, MS, IK,

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Study design - Randomized controlled trials (RCTs)
- Cluster RCTs

- Non-RCTs (e.g. cohort studies, case series,
cross-sectional studies) and quasi-RCTs

Participants - Non-older individuals with a mean age of <60 years
- At risk of frailty, defined as having comorbidities such
as the following:
lifestyle-related diseases
obesity
cardiopulmonary diseases
cerebrovascular diseases
autoimmune disorders
chronic pain

- Studies where the mean age of the participants was ≥60
years
- Studies targeting participants aged <18 years

Interventions - Digital health interventions
- Interventions targeting physical activity, physical
function, and social function

- Disease-specific digital health interventions
- Nondigital health interventions

Comparators - No intervention
- Usual care
- Nondigital health interventions

- Studies comparing multiple digital health interventions

Outcomes - Physical activity
- Physical function
- Social function
- Feasibility outcomes (dropouts, cost-effectiveness)

Not specified
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YS, and AH) screened the titles and abstracts in the first
screening, and RM and MT checked the compatibility of
the screening. Full texts of compatible records were
obtained, and 17 review authors (MT, YS, KU, YK, MS,
IK, YS, AH, MO, TT, HS, YN, KE, SH, NY, DM, and
KF) screened the full texts and confirmed the compatibility
with RM and MT. RM oversaw these processes and per-
formed the final checks.

Seventeen review authors used Google Sheets to extract
data on eligible records, including study design, setting, par-
ticipants, interventions, and outcomes. Any questions or dif-
ferences in opinions during the data extraction process were
fully discussed and resolved among the review authors.

Data analysis
All data analysis in the meta-analysis was performed using
Review Manager 5.4 (The Cochrane Collaboration,
Copenhagen, Denmark). Continuous outcomes were pre-
sented with 95% confidence intervals (CIs) and mean differ-
ences (MDs) to indicate effect sizes, whereas standardized
mean differences (SMDs) were used when data varied
widely among studies. Dropouts were analyzed as a risk
ratio. Only studies that provided postintervention means
and standard deviations were included in the meta-analysis.
If outcome data were not presented as means and standard
deviations, other indicators (median, interquartile range,
number of quartiles, standard error, and 95% CI) were con-
verted to means and standard deviations for the analysis.

For the subgroup analysis, the studies included in the
meta-analysis were divided into synchronous and asyn-
chronous intervention groups. Synchronous interventions
were defined as those in which interventions are implemen-
ted in real time, such as direct exercise interventions using
video conferences, games, and VR. Asynchronous ones
were those that were not implemented in real time, such
as self-monitoring and feedback using applications and
wearable devices. Subgroup analysis was conducted only
for outcomes categorized as synchronous or asynchronous.

Quality assessment
Review authors assessed the risk of bias in each study based
on the Cochrane Handbook criteria:22 random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcomes data, selective reporting, and other biases.

The risk of bias in each domain was classified as “high
risk,” “low risk,” or “unclear.” Given the nature of the
study, the blinding of participants and assessors was chal-
lenged. Therefore, the effect of blinding on outcome mea-
sures was considered in the risk-of-bias assessment.

When five or more studies were included in the analysis,
funnel plots were created to assess the risk of reporting bias.

I2 statistics were used to measure heterogeneity among
the studies included in each analysis.

Summary of findings and assessment of the certainty
of the evidence
A summary table of results was created using the following
outcomes (Supplemental Table 1): volume of physical
activity, time of physical activity, daily steps, walking
test, walking speed, VO2peak, DGI, TUG, SF-36 Social
Functioning, and dropouts. Cost-effectiveness was not sum-
marized because of insufficient data.

Fiveconsiderations (riskofbias, inconsistency, indirectness,
imprecision, and publication bias) were used to assess the cer-
tainty of the body of evidence for each outcome.22 GRADEpro
GDT was used to evaluate the certainty of evidence for each
outcome at the level of “low,” “moderate,” or “high.”23

Results

Search results
A total of 11,693 records were obtained through database
searches performed on 15 August 2023 and 5 September
2023. After removing duplicates, the remaining 9434 records
were screened, and 8962 recordswere excludedbased on titles
and abstracts. Full texts of the remaining 472 records were
obtained and reviewed, resulting in the exclusion of 409
records for the following main reasons: the mean age of the
study population was ≥60 years, or the control group also
had a digital health intervention. Finally, 63 records were
included in the review (Figure 1).24–86 Specifically, 62 studies
were included because a single study had two records
published.

Characteristics of studies
The included studies were published between 2012 and
2023 and conducted in the following 24 countries:
Turkey, United States, Spain, Korea, Netherlands, China,
Canada, India, Australia, Sweden, Czech Republic,
Norway, Ireland, United Kingdom, Italy, Egypt, Thailand,
Denmark, Germany, New Zealand, Pakistan, Belgium,
Poland, and Jordan. In total, 7719 participants were
included in this review.

Among the 62 included studies, 61 were parallel-group
RCTs, and one was a cluster RCT.

The most common characteristics of the study popula-
tions were as follows: patients with cardiovascular diseases
and multiple sclerosis (10 studies each), followed by
chronic pain and cancer survivors (9 studies each), cerebro-
vascular diseases and overweight/obesity (7 studies each),
diabetes or at-risk patients and osteoarthritis (4 studies
each), and one study each on patients who recovered from
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COVID-19, HIV, epilepsy, ankylosing spondylitis, depres-
sion, and chronic fatigue syndrome.

The studies included interventions using videoconferencing
(n= 8), sensors including wearable devices (n=21), games (n
= 10), VR (n=14), applications or websites (n= 27), AI (n=
2), and messaging (n= 17). These digital health interventions
were implemented either alone or in combination.

Moreover, 34 studies conducted synchronous interven-
tions with direct exercise interventions, and 29 conducted

asynchronous interventions with monitoring and feedback
to promote physical activity. The most common duration
of intervention was 8 weeks, with a mean of 12.2 weeks.

Among the 63 records included, 32, 36, and 8 reported
physical activity outcomes, physical function outcomes,
and social function outcomes, respectively. Fifty-nine stud-
ies were included in the analysis of the dropouts, and two
reported on cost-effectiveness. Please see Table 2 for
detailed characteristics of the included studies.

Figure 1. PRISMA flow diagram.
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Table 2. Characteristics of included studies.

Study Design Location Duration Population Age (mean± SD) Intervention group Control group Outcomes

Acar 202324 RCT Turkey 8 weeks Ankylosing spondylitis
(n= 60)

44.1± 8.0 (IG),
45.3± 7.2 (CG)

Tele-yoga class via
video conference

Routine activities SF-36

Eldemir 202325 RCT Turkey 6 weeks Multiple sclerosis
(n= 30)

41.0± 7.8 (IG),
38.4± 10.8 (CG)

Pilates-based
telerehabilitation

Wait-list 6MWT, Walking
speed

Kahraman 202026 Pilot RCT Turkey 8 weeks Multiple sclerosis
(n= 50)

34.5 (IG),
36.0 (CG) (Median)

Tele-rehabilitation Wait-list 2MWT, T25FW

Polat 202127 RCT Turkey 4 weeks Fibromyalgia
(n= 40, female)

42.6± 8.7 (IG),
47.0± 7.1 (CG)

Aerobic+VR exercise Aerobic+
Strength/
Balance

6MWT

Okan 202228 RCT Turkey 5 weeks Post-Covid-19 dyspneic
(n= 52)

48.8± 10.8 (IG),
52.1± 14.8 (CG)

Telemedicine
breathing exercises

Brochure on
breathing
exercises

6MWT

Özden 202229 Double-blind
RCT

Turkey 8 weeks Chronic low back pain
(n= 54)

40.1± 1.6 (IG),
42.3± 1.6 (CG)

Tele-rehabilitation Home exercises TUG, SF-36

Ozdogar 202230 Pilot RCT Turkey Hospitalization
period

Multiple sclerosis
(n= 30)

37.5± 10.4 (IG),
37.7± 13.1 (CG)

Exergaming Conventional
rehabilitation

T25FW, 2MWT

Özlü 202331 Pilot RCT Turkey 3 weeks Knee osteoarthritis (n=
82)

53.2± 10.4 (IG),
53.7± 9.6 (CG)

VR exercise+
conventional
therapy

Conventional
therapy

6MWT

Tore 202332 RCT Turkey 8 weeks Knee osteoarthritis (n=
50)

55.8± 7.2 (IG),
55.7± 6.7 (CG)

Tele-rehabilitation Pamphlets Physical activity

Yazgan 202033 RCT Turkey 8 weeks Multiple sclerosis
(n= 47)

47.4± 10.5 (IG),
40.6± 8.8 (CG)

Wii Fit+Balance
games

Wait-list 6MWT, TUG

Yilmaz 201734 RCT Turkey 2 weeks Low back pain
(n= 46)

46.3± 3.4 (IG),
55.8± 11.5 (CG)

Physical therapy+VR Physical therapy 6MWT, TUG

Bates 202335 RCT USA 8 weeks Low back pain
(n= 69)

37.8± 11.5 (IG),
37.2± 13.7 (CG)

AI resistance training No treatment 6MWT

Chan 202236 RCT USA 12 weeks Cancer survivors
(n= 42)

55.6± 12.3 (IG),
54.4± 10.6 (CG)

Fitbit monitoring+
goal setting

Print materials SF-36

Ghose 202137 RCT USA 3 months Diabetes patients
(n= 1070)

55.1± 8.9 (Overall) mHealth application+
personalized SMS

No treatment Steps, Exercise time

Greenberg 202038 RCT USA 8 weeks Chronic pain
(n= 82)

49.0± 14.2 (IG),
54.4± 14.5 (CG)

Group sessions+ Fitbit Group sessions Steps, 6MWT

Motl 201739 RCT USA 6 months Multiple sclerosis
(n= 47)

52.3± 10.3 (IG),
51.4± 7.4 (CG)

Web-based
physiotherapy

No intervention MVPA

Tefertiller 202240 RCT USA 4 weeks Traumatic brain injury (n
= 31)

40.1± 15.0 (IG),
40.8± 17.0 (CG)

VR treadmill training Standard therapy 10MWT, 6MWT,
TUG

Unick 201241 RCT USA 6 months Severe obesity (n= 29) 38.7± 9.3 (IG),
46.1± 9.1 (CG)

Behavioral weight loss
+Wearable
monitor

Standard
program

MVPA

Van 201942 RCT USA 12 weeks Cancer survivors
(n= 42)

56± 12 (IG),
54± 11 (CG)

Fitbit tracking+ goal
setting

Print materials MVPA, Daily steps

Demark-Wahnefried
202343

RCT USA 6 months Cancer survivors
(n= 112)

58.7± 13.0 (IC),
58.1± 12.5 (CG)

Online intervention Wait-list MVPA, 8′

Get-up-and-Go

Bravo-Escobar 201744 RCT Spain 2 months Coronary artery disease
(n= 28)

55.6± 11.3 (IG),
56.5± 6.0 (CG)

Remote cardiac rehab Hospital-based
rehab

Exercise capacity
(METs), Exercise
time, SF-36

Collado-Mateo
201745

RCT Spain 8 weeks Fibromyalgia
(n= 83, female)

52.4± 9.8 (IG),
52.5± 9.4 (CG)

VR-based physical
exercise

Usual activities TUG

RCT Spain 8 weeks 48.3± 8.8 (Overall) Tele-exercise Usual care 6MWT

(continued)
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Table 2. Continued.

Study Design Location Duration Population Age (mean± SD) Intervention group Control group Outcomes

Galiano-Castillo
201746

Breast cancer survivors
(n= 81)

García-Bravo 202047 RCT Spain 8 weeks Ischemic heart disease
(n= 26)

48.7± 6.6 (IG),
53.7± 10.3 (CG)

VR-based aerobic
exercise

Conventional
rehabilitation

METs, 6MWT, SF-36

Hernando-Garijo
202248

RCT Spain 15 weeks Fibromyalgia (n= 34,
female)

51.8± 9.0 (IG),
55.0± 8.5 (CG)

Video-guided aerobic
exercise

No intervention 6MWT, TUG

Lloréns 201549 RCT Spain 4 weeks Chronic stroke (n= 22) 55.0± 11.6 (IG),
58.3± 11.6 (CG)

VR-based training Conventional
therapy

10MWT

Choi 201850 RCT Korea 6 weeks Stroke (n= 28) 49.5± 23.0 (IG),
51.0± 13.7 (CG)

VR balance training General balance
training

10MWT, TUG

Lee 201451 RCT Korea 12 weeks Breast cancer patients
(n= 59)

41.5± 6.3 (IG),
43.2± 5.1 (CG)

Web-based
self-management

Educational
booklet

Exercise time

Lee 201552 RCT Korea 6 weeks Stroke (n= 20) 57.2± 9.2 (IG),
52.7± 11.7 (CG)

VR exercise PNF exercise TUG

Lee 201753 RCT Korea 6 weeks Chronic stroke (n= 36) 55.1± 14.6 (IG),
52.0± 5.5 (CG)

Speed-interactive
treadmill

Standard
treadmill

Steps, Walking speed

Song 201554 RCT Korea 8 weeks Stroke patients (n= 40) 51.3± 40.6 (IG),
50.1± 7.8 (CG)

Kinect-based training Bicycle training 10MWT, TUG

Janse 201655 RCT Netherlands 6 months Chronic fatigue (n= 100) 37 (IG),
31 (CG) (Median)

E-mail therapy+
self-help

Wait-list SF-36

Spahrkäs 202256 RCT Netherlands 12 weeks Cancer patients (n=
799)

58.0± 10.1 (IG),
56.9± 9.8 (CG)

Cognitive behavioral
therapy via
application

Usual care Physical activity

van 202157 RCT Netherlands 6 months Breast & prostate cancer
survivors (n= 137)

59.8± 11.7 (IG),
59.2± 14.4 (CG)

Internet-based physical
activity support+
telephone support

Usual care Physical activity,
MVPA, SF-36,
Cost-analysis

Younge 201558 RCT Netherlands 12 weeks Heart disease patients
(n= 324)

43.2± 14.1 (IG),
43.2± 13.7 (CG)

Online mindfulness Usual care 6MWT

Cai 202259 RCT China 12 weeks Atrial fibrillation (n=
100)

57± 9 (IG),
57± 11 (CG)

Tele-rehabilitation Standard
rehabilitation

Physical activity, VO2

peak

Song 202060 RCT China 6 months Coronary heart disease
(n= 106)

54.1± 8.7 (IG),
54.8± 9.1 (CG)

Telemonitoring cardiac
rehabilitation

Standard care VO2peak

Su 202161 RCT China 12 weeks Coronary heart disease
(n= 146)

55.5± 7.3 (IG),
56.0± 7.0 (CG)

Self-monitoring via
application

Usual care Physical activity,
Daily steps

Huo 201962 RCT China 6 months Coronary heart disease
& diabetes
(n= 502)

59.5± 9.4 (IG),
59.5± 9.1 (CG)

Lifestyle short message
service

Usual care Physical activity

Black 202163 RCT Canada 6 weeks Overweight/obese
women (n= 47)

32.6± 7.8 (IG),
40.6± 14.0 (CG)

Physical activity
self-monitoring+
Motivation

Standard physical
activity
guidelines

Physical activity

Li 201764 RCT Canada 2 months Knee osteoarthritis (n=
34)

52.3± 9.7 (IG),
58.7± 6.0 (CG)

Group education+
Fitbit

Wait-list MVPA

Petrella 201765 RCT Canada 12 weeks Overweight/obese men
(n= 80)

48.4± 9.1 (IG),
49.1± 9.1 (CG)

Hockey-related
exercise+
Behavior change
support

Wait-list Physical activity,
Daily steps

Kumar 202266 RCT India 12 weeks Epilepsy (n= 117) 27.1± 8.0 (IG),
26.2± 7.9 (CG)

Physical activity advice
via application

Standard care Physical activity,
Exercise time,
Daily steps

(continued)
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Table 2. Continued.

Study Design Location Duration Population Age (mean± SD) Intervention group Control group Outcomes

Limaye 201767 RCT India 1 year Type 2 diabetes (n= 265) 36.8± 7.2 (IG),
35.7± 8.1 (CG)

Lifestyle modification
via mobile

Group session Exercise time,
Cost-
effectiveness

Chow 201568 RCT Australia 6 months Coronary heart disease
(n= 710)

57.9± 9.1 (IG),
57.3± 9.3 (CG)

SMS lifestyle coaching Usual care Physical activity

Drew 202269 RCT Australia 3 months Overweight men with
depression
(n= 125)

48.4± 11.7 (overall) Mental fitness+
MyFitnessPal

Wait-list MVPA

Bonn 202370 RCT Sweden 12 weeks Post-bariatric surgery
(n= 146)

41.2± 10.1 (IG),
40.6± 9.5 (CG)

Physical activity
tracking via
application

Standard care MVPA

Östlind 202271 RCT Sweden 12 weeks Osteoarthritis (n= 160) 56.7± 5.3 (IG),
54.5± 6.2 (CG)

Self-monitoring
physical activity

Standard care Physical activity

Batalik 202172 RCT Czech
Republic

12 weeks Heart disease
(n= 56)

56.1± 6.8 (IG),
57.1± 7.9 (CG)

Remote heart rate
monitoring+
Training

Hospital
rehabilitation

VO2peak, SF-36

Novotna 201973 RCT Czech
Republic

4 weeks Multiple sclerosis
(n= 39)

39.3± 9.6 (IG),
42.56± 10.6 (CG)

Home balance training No intervention Walking speed, TUG

Lunde 202074 RCT Norway 1 year Heart disease
(n= 113)

59.5± 9.1 (IG),
58.4± 8.2 (CG)

Goal setting+
Application
monitoring

Usual care VO2peak

Sandal 202175 RCT Denmark/
Norway

9 months Low back pain
(n= 461)

48.3± 15.0 (IG),
46.7± 14.4 (CG)

AI-based
self-management

Usual care Physical activity

Walsh 202176 RCT Ireland 12 weeks Overweight cancer
survivors (n= 123)

55.6± 8.0 (IG),
59.2± 7.6 (CG)

Lifestyle education+
Fitbit

Usual care Daily steps, 6MWT

Paul 201977 RCT UK 6 months Multiple sclerosis (n=
90)

55.6± 10.2 (IG),
56.5± 10.1 (CG)

Web-based physical
activity program

Paper-based
physical
activity

Daily steps, T25FW,
2MWT, Cost

Maggio 202278 RCT Italy 8 weeks Multiple sclerosis
(n= 60)

51.9± 9.9 (IG),
48.2± 12.2 (CG)

VR-based training Traditional
rehabilitation

TUG

Ali 202279 RCT Egypt 8 weeks Post-bariatric surgery
(n= 61)

35.3± 8.74 (IG),
32.9± 8.75 (CG)

Telemonitored trunk
stabilization

No intervention 6MWT

Lukkahatai 202180 RCT Thailand 2 days Type 2 diabetes (n= 114) 56.5± 7.2 (overall) Wearable device
feedback

Standard care Daily steps

Nasseri 202081 RCT Germany 3 months Progressive multiple
sclerosis
(n= 38)

49.6± 8.5 (IG),
52.5± 7.3 (CG)

Physical activity
feedback
application

Exercise leaflet Physical activity,
MVPA (%), Steps,
T25FW, 6MWT,
2MWT

Tuck 202282 RCT New
Zealand

6 weeks Chronic pain
(n= 29)

40.1± 16.2 (overall) VR rehabilitation
games

No intervention Exercise time, Daily
steps

Sana 202383 RCT Pakistan 8 weeks Stroke (n= 34) 49.7± 5.8 (IG),
54.8± 9.4 (CG)

VR training Vestibular
rehabilitation

TUG, DGI

Piraux 201984 RCT Belgium 6 weeks HIV patients
(n= 25)

47.2± 10.6 (IG),
46.1± 11.4 (CG)

Gym training+Online
support

No intervention 6MWT

Czech 202285 Pilot Study Poland 2 weeks Breast cancer patients
(n= 16)

50.5± 12.6 (IG),
59.5± 7.8 (CG)

VR garden therapy No intervention Physical activity

Khalil 201886 RCT Jordan 6 weeks Multiple sclerosis
(n= 40) 39.8± 12.7 (IG),

34.8± 8.9 (CG)

VR-based balance
training

Traditional
balance
exercises

10MWT, 3MWT,
TUG, SF-36

RCT: randomized controlled trial; HIV: human immunodeficiency virus; SD: standard deviation; IG: intervention group; CG: control group; VR: virtual reality; SMS: short message service; AI: artificial
intelligence; PNF: proprioceptive neuromuscular facilitation; MVPA: moderate-to-vigorous physical activity; T25FW,: timed 25-foot walk test; 10MWT: 10 meter walk test; 6MWT: 6 min walk test; 3MWT:
3 min walk test; 2MWT: 2 min walk test; TUG: timed up and go test; DGI: dynamic gait index; SF-36: MOS 36-Item Short-Form Health Survey.
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Risk of bias in included studies
The risk of biaswas assessed based on theCochraneHandbook
criteria.22 Figure 2 graphically represents the risk of bias for
each domain. The risk of “blinding participants and personnel”
was high because of the difficulty of blinding in these studies.
The risk in other domains was generally not high.

Effects of interventions
The studies included in the meta-analysis consisted of 8
studies on the volume of physical activity, 7 on the time
of physical activity, 7 on daily steps, 20 on walking tests,
12 on walking speed, 4 on VO2peak, 2 on DGI, 16 on
TUG, 8 on SF-36 Social Functioning, and 59 on dropouts.
Meta-analysis results showed positive effects of interven-
tions on the volume of physical activity (SMD 0.23, 95%
CI 0.13–0.32, I2= 0%, n= 1704), daily steps (SMD 0.22,
95% CI 0.07–0.38, I2= 73%, n= 625), walking tests (MD
27.12, 95% CI 17.90–36.33, I2= 46%, n= 895), walking
speed (MD 0.10, 95% CI 0.02–0.18, I2= 0%, n= 394),
VO2peak (MD 2.93, 95% CI 1.82–4.03, I2= 0%, n=
342), DGI (MD 2.50, 95% CI 1.27–3.72, I2= 64%, n=
63), TUG (MD −1.47, 95% CI −1.76 to −1.18, I2= 81%,
n= 653), and SF-36 Social Functioning (MD 8.39, 95%
CI 4.58–12.19, I2= 52%, n= 407). No effect was observed
on physical activity time (MD 2.54, 95% CI −3.38 to 8.46,
I2= 6%, n= 425). Moreover, dropouts were higher in the
intervention group than in the control group (RR 1.21,
95% CI 1.08–1.35, I2= 47%, n= 6315). Please see
Figures 3–5 for details of the analysis results.

Studies included in the analysis were divided into syn-
chronous and asynchronous interventions for the subgroup
analysis. Synchronous interventions mainly involved aer-
obic, resistance, and balance trainings using video confer-
encing, motion sensors, VR, and games. In contrast,
asynchronous interventions use wearable devices, applica-
tions, and websites for goal setting, monitoring, feedback,
and providing information on physical activity. Subgroup
analysis results revealed positive effects on the volume of
physical activity [SMD 0.61 (95% CI 0.11–1.12) vs SMD
0.21 (95% CI 0.11–0.31)] and SF-36 Social Functioning
[SMD 10.05 (95% CI 4.83–15.27) vs SMD 6.51 (95% CI
0.96–12.06)] in both synchronous and asynchronous inter-
ventions. Walking tests [MD 31.56 (95% CI 20.92–42.20)
vs MD 13.79 (95% CI −4.65 to 32.23)], walking speed
[MD 0.10 (95% CI 0.02–0.18) vs MD 0.24 (95% CI
−2.32 to 2.80)], VO2peak [MD 2.99 (95% CI 1.81–4.17)
vs MD 2.50 (95% CI −0.60 to 5.60)], and TUG [MD
−1.52 (95% CI −1.82 to −1.22) vs MD −0.70 (95% CI
−1.91 to 0.51)] showed positive effects only on synchron-
ous interventions. Daily steps demonstrated positive effects
only on asynchronous interventions [SMD −0.11 (95% CI
−0.58–0.37) vs SMD 0.27 (95% CI 0.10–0.43)]. Dropouts
were lower in the intervention group for synchronous

interventions but higher for asynchronous interventions
[0.86 (95% CI 0.63–1.17) vs 1.28 (95% CI 1.14–1.45)].
Because all studies on the time of physical activity and
DGI were either synchronous or asynchronous, subgroup
analysis could not be conducted. Please see Supplemental
Figure 1 for details of subgroup analysis results.

Two studies reported cost-effectiveness. The RCT by
Limaye et al. targeted individuals at risk of diabetes.67

The intervention group received lifestyle advice through
messages and websites in addition to face-to-face educa-
tion, whereas the control group received only face-to-face
education. Direct healthcare costs were 3401 Indian
Rupees (35.8 GBP) in the intervention group and 2216
Indian Rupees (23.3 GBP) in the control group.
Additional costs per individual who were overweight/obese
for treatment and prevention (cost-effectiveness) were
10,665 Indian Rupees (112.3 GBP) annually. Paul et al.
compared the effects of a web-based exercise program
with standard treatment in patients with multiple sclerosis.77

Costs were 954 and 1076 GBP in the intervention and
standard treatment groups, respectively. The intervention
group had higher quality-adjusted life-years (QALYs)
than the standard treatment group, suggesting the potential
for increasing QALYs at a lower cost with the web-based
exercise program. However, estimated values from boot-
strap analysis showed uncertainty.

Discussion
In this study, the literature was reviewed to determine
whether digital health interventions improve physical activ-
ity, physical function, and social function in non-older indi-
viduals at risk for frailty. A total of 63 records involving
7719 participants were included.

Interpretation of results
Meta-analysis results indicated significant effects of digital
health interventions on the volume of physical activity,
daily steps, walking tests, walking speed, VO2peak, DGI,
TUG, and SF-36 Social Functioning. Particularly, differ-
ences exceeding the minimal clinically important difference
(MCID) were observed in walking tests (MCID 14–
30.5 m), walking speed (MCID 0.10–0.17 m/s), VO2peak
(1.82–4.03 mL/kg/min), and SF-36 Social Functioning
(MCID 3 points), indicating clinically meaningful
effects.87–90 Digital health interventions may enhance
health outcomes by increasing user engagement through
personalized content and behavior change techniques
(BCTs).91 BCTs are widely employed in interventions
aimed at improving health behaviors, including techniques
such as goals and planning, feedback and monitoring,
knowledge building, and social support demonstrating effi-
cacy in promoting health behaviors.92 Many of the studies
included in this review implemented interventions using
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these techniques. This meta-analysis included various
digital health interventions, including applications, wear-
able devices, VR, and video counseling. These technologies

may have facilitated behavioral change among participants,
contributing to improvements in physical activity, physical
function, and social function.

Figure 2. Risk of bias graph.

Figure 3. Results of meta-analysis on physical activity.
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Figure 4. Results of meta-analysis on physical function.
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Figure 5. Results of meta-analysis on social function and dropouts.
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However, no significant effect was observed for physical
activity time. Studies reporting this outcome implemented
interventions involving goal setting, self-monitoring of
physical activity, and providing feedback and information
via text messages through an application or website.
Conversely, several studies provided the control group
with paper-based educational materials on physical activity
and exercise diaries. A previous study demonstrated that
providing exercise guidelines and exercise diaries can
effectively promote physical activity,93 suggesting that a
certain level of behavior change may have occurred in the
control group. This event may have reduced the differences
between the intervention and control groups, potentially
resulting in the absence of significant differences. In add-
ition, the methods used to assess physical activity time var-
ied, with some studies employing accelerometers, whereas
others relying on self-reported estimates via questionnaires.
Measurement discrepancies may have influenced the
results, highlighting the need for future studies to adopt
standardized, objective measurement methods.

Subgroup analysis by synchronous and asynchronous inter-
ventions indicated that the effect on outcomes may vary
depending on the content of digital health interventions.
Synchronous interventions were potentially effective in
improving physical function, and these included aerobic, resist-
ance, and balance training using video conferencing, motion
sensors, VR, and games. Balance capacity is associated with
walking capacity, and resistance training and aerobic exercise,
as well as their combinations, have been reported to improve
functional exercise capacity.94–96 These interventions likely
enhanced the functional capacity and balance of participants,
leading to improved walking capacity and endurance.

On the contrary, asynchronous interventions showed
potential effects on increasing physical activity.
Interventions involving self-monitoring and feedback pro-
moted behavior change and improved adherence to physical
activity over the long term.97 Thus, asynchronous interven-
tions may have effectively changed habitual physical activity.

In addition, subgroup analysis revealed that both synchron-
ous and asynchronous interventions were effective for social
function. Physical frailty and physical function decline can
restrict social activities, potentially leading to social frailty.98,99

Synchronous and asynchronous interventions may have
increased the physical function and physical activity of partici-
pants, thereby encouraging their social activity.

This review also analyzed dropouts to assess adherence
to digital health interventions. The results revealed that
dropouts were higher in the intervention groups than in
the control groups overall. However, in the subgroup ana-
lysis, dropouts were lower in the synchronous intervention
groups compared to the control groups. Synchronous inter-
ventions often included gamification elements such as train-
ing with games and VR, potentially enhancing enjoyment
and sustaining participation. In addition, the difficulty of
blinding participants given the nature of the studies might

have led to higher dropouts in the control groups because
participants who could not receive interventions may have
lost motivation to continue in the study.

Cost-effectiveness could not be analyzed in this review
given the limited studies reporting the cost-effectiveness
of digital health interventions, leaving the degree of cost-
effectiveness unclear.

Quality of the evidence
The overall certainty of the evidence for the outcomes eval-
uated ranged from very low to moderate. The outcomes
with moderate certainty were the volume of physical activ-
ity and walking speed. The low certainty was mainly caused
by the small number of studies and participants included for
each outcome. For details on the overall certainty of the evi-
dence, please refer to Supplemental Table 1.

Only one outcome was downgraded because of the risk of
bias. The “blinding of participants and personnel” was
deemed high risk in many studies because of the difficulty
of blinding participants given the nature of the interventions.
On the contrary, the “blinding of outcome assessment” had
fewer studies judged as high risk than “blinding of partici-
pants and personnel.” Methods such as using assessors not
involved in the allocation or intervention were employed to
blind outcome assessors. Many studies were judged as hav-
ing an unclear bias for “allocation concealment” and “select-
ive reporting” owing to the lack of clear descriptions of the
allocation methods or the inability to reference protocols.
The bias risks for “random sequence generation” and
“incomplete outcome data” were generally low.

Four outcomes were downgraded because of the risk of
inconsistency, attributed to the high heterogeneity of the
interventions. In addition, this review included studies not
providing interventions in the control group and studies
where the control group received interventions via
face-to-face or paper-based methods. The high heterogeneity
of interventions in the control group was also a contributing
factor. Thus, limiting the content and duration of interven-
tions could improve the risk of inconsistency.

No outcomes were downgraded because of the risk of
indirectness. The studies included in this review limited
the mean age of the study population to <60 years, resulting
in a low risk of indirectness.

All outcomes were downgraded because of the risk of
imprecision. Generally, few studies and participants were
included in the analysis. This issue could be improved by
increasing the number of studies.

Three outcomes were downgraded because of publication
bias. VO2peak and DGI could not be assessed for publication
biasowing to the small numberof studies included in the analysis.

Potential biases in the review process
Review authors screened, extracted data, and assessed risks
for this review. Because the included studies were limited to
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English records, there may have been studies in other lan-
guages that were not identified. Bias in study design is
unlikely to have occurred because the studies were limited
to RCTs. We were able to focus on the effects of digital
health intervention as the inclusion criterion was studies
that compared an intervention group using digital health
with a control group not using digital health.

Overall completeness and applicability of evidence
The meta-analysis showed significant effects for the volume of
physical activity, daily steps, walking test, walking speed,
VO2peak, DGI, TUG, and SF-36 Social Functioning, whereas
no significant effect was found for the time of physical activ-
ity. After assessing the certainty of evidence, the volume of
physical activity and walking speed were rated as moderate,
whereas the walking test was rated as low. This indicates a cer-
tain degree of confidence in the study results. In contrast, the
certainty levels of evidence for the time of physical activity,
daily steps, VO2peak, DGI, TUG, and SF-36 were evaluated
as very low. When the certainty of the evidence is very low,
intervention effects cannot be determined, even if significant
effects are observed.

The small number of studies and participants included in
the meta-analysis for each outcome inhibited generalization
of the results of this review to a broader population. In add-
ition, intervention durations among studies; thus, whether
each study had a sufficient intervention duration to increase
physical function is unknown.

Of the studies included in this review, 41, 17, and 4 were
conducted in high-, upper-middle, and lower-middle-income
countries. None of the studies were conducted in low-income
countries. Low economic status was reported to hinder access
to the Internet and digital health services and reduce digital
health literacy.14 Therefore, whether the results of this review
can be applied to low-income countries is unclear.

Comparison with other reviews
To our knowledge, this is the first review that examined the
effect of digital health interventions on improving physical
activity, physical function, and social function in non-older
individuals at risk for frailty. Two previous reviews have
examined the effects of digital health interventions on older
adults with pre-frailty or frailty.

Esfandiari et al. presented the effects of telemedicine
interventions on physical function, quality of life, and
frailty in older adults with pre-frailty or frailty.100 They
showed that telemedicine had a small effect on improving
physical function and behavioral performance in older
adults with pre-frailty or frailty (SMD 0. 31, 95% CI
0.15–0.47). However, the certainty of evidence was low.
The results for physical function were consistent with those
of the present review; however, the characteristics of

participants and outcome measures differ. Therefore, the
results cannot be directly compared.

Han et al. reviewed the effects of eHealth interventions
on physical activity and physical performance,
health-related quality of life, and activities of daily living
in older adults with frailty.13 Moderate-to-vigorous physical
activity times increased significantly only in the interven-
tion group. Walking speed increased in both groups; how-
ever, the rate of increase was higher in the intervention
group than in the control group. Few studies were available
for inclusion in the review for either outcome, and no
meta-analysis was conducted. The effects on walking speed
were consistent with the results of this review but not on
physical activity time. However, Han et al. could not com-
pare their results to our findings because they studied older
adults with frailty and did not conduct a meta-analysis of
these outcomes.

Limitations of the review
Despite the difference of approximately 20 days in the
search periods across databases, it was unlikely to have sig-
nificantly affected the included literature. This review tar-
geted studies published up to March 31, 2023, which
means that studies published thereafter may not have been
included. To assess the potential effect of newly published
studies, a preliminary search was conducted for articles
published from 31 March 2023, to the present. Because
we were unable to find any studies that fully met the inclu-
sion criteria for this review, updating the search period is
unlikely to significantly affect the overall findings.
Therefore, we plan to address this issue in a future update
of this review. The studies included in this review were con-
ducted in high- or middle-income countries; therefore,
whether the results would be generalizable in low-income
countries is unknown. This review defined non-older indivi-
duals as those aged <60 years, considering factors such as
digital literacy and adaptability to digital technologies.
However, as the age group of who regularly use digital tech-
nologies has been expanding, it might be better to include
older age groups in future reviews. In addition, this review
included both purely digital health interventions (e.g.
VR-based interventions) and digitally mediated interven-
tions with human interaction (e.g. physical activity pro-
grams via videoconferencing). The effects of these
different types of interventions may vary. Although sub-
group analyses based on whether the interventions were
synchronous or asynchronous were conducted, further cat-
egorization was difficult given the limited number of stud-
ies. The low number of studies and high heterogeneity
levels of interventions limited the certainty of the evidence.
These issues must be addressed with an expansion of the
range of countries where studies are conducted and an
increase in the number of studies.
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Conclusions and implications
The results of this review indicate that digital health interven-
tions have the potential to improve physical activity, phys-
ical function, and social function in non-older individuals
at risk for frailty. However, the certainty of the evidence is
low because of the small number of studies and participants
included in the analysis. Higher-quality RCTs are needed to
increase the certainty of the evidence, and more studies must
be included in the analysis. In addition, studies must be con-
ducted in a wider range of countries to broaden the applic-
ability of evidence and examine the effects of interventions
in countries with different economic backgrounds. This
review lacked information on the cost-effectiveness of
digital health interventions, which needs to be investigated
to confirm the practical feasibility of these interventions.
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