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ABSTRACT
Introduction  Exercise that challenges balance is 
proven to prevent falls in community-dwelling older 
people, yet widespread implementation and uptake of 
effective programmes is low. This systematic review and 
meta-analysis synthesised the evidence and evaluated 
the effect of eHealth-delivered exercise programmes 
compared with control on balance in community-
dwelling people aged ≥65 years.
Methods  Nine databases including MEDLINE, CINAHL 
and Embase, were searched from inception to January 
2022 to identify randomised controlled trials evaluating 
eHealth-delivered exercise programmes for community-
dwelling people aged ≥65 years, published in English 
that included a balance outcome. Primary outcomes 
were static and dynamic balance. Secondary outcomes 
included fall risk and fear of falling. We calculated 
standardised mean differences (SMDs, Hedges’ g) with 
95% CIs from random effects meta-analyses.
Results  We identified 14 eligible studies that included 
1180 participants. Methodological quality ranged 
from 3 to 8 (mean, 5). The pooled effect indicated 
that eHealth-delivered exercise programmes have a 
medium significant effect on static balance (11 studies; 
SMD=0.62, 95% CI 0.27 to 0.72) with very low-quality 
evidence. There was small statistically significant effect 
on dynamic balance (14 studies; SMD=0.42, 95% CI 
0.11 to 0.73) with very low-quality evidence, and fall 
risk (5 studies; SMD=0.32, 95% CI 0.00 to 0.64) with 
moderate-quality evidence. No significant effect of 
eHealth programmes on fear of falling was found (four 
studies; SMD=0.10, 95% CI −0.05 to 0.24; high-quality 
evidence).
Conclusion  This review provides preliminary 
evidence that eHealth-delivered exercise programmes 
improved balance and reduced fall risk in people 
aged ≥65 years. There is still uncertainty regarding 
the effect of eHealth delivered exercise programmes 
on fear of falling.
PROSPERO registration number  CRD42018115098.

INTRODUCTION
Ageing is associated with a decline in the 
physiological systems responsible for postural 
stability and hence an increase in the risk of 
falls.1 A fall is defined as ‘an unexpected event 
in which the participants come to rest on the 
ground, floor, or other lower level’.2 Each 
year approximately one-third of community-
dwelling people aged 65 years and over 
experience a fall.3 4 Forty per cent of injuries 
requiring hospital admission are due to falls, 
and in 2016–2017 more than 125 000 Austra-
lians aged 65 years or over were hospitalised 
due to a fall.5 6 Falls place a significant burden 
on health systems and can result in serious 
long-term costs to the individual.7 Falls can 
also result in the loss of independence, 
depression, social isolation and admission of 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ We conducted this systematic review in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines and followed 
a prespecified protocol registered on PROSPERO.

	⇒ We had specific criteria that allowed for the inclu-
sion of studies with both generally healthy partic-
ipants and those with selected clinical conditions.

	⇒ We also ensured the inclusion of as many relevant 
studies as possible by searching across nine data-
bases, conducting a thorough hand search of rele-
vant published literature and consulting with experts 
in the field.

	⇒ Included studies had to comprise a measure of bal-
ance and we may have missed relevant studies that 
included measures of falls.

	⇒ We only included outcome data from the immediate 
postintervention time point, which limits the inter-
pretation of results to the short-term.
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the older person to a care facility.7 As such, fall preven-
tion is a public health priority.

There is clear evidence that exercise is crucial for 
preventing falls in community-dwelling older people.8 
However, the effect on falls varies by exercise type. A 
Cochrane systematic review that included 108 studies of 
exercise, established that exercise that challenges balance 
has the greatest effect on both the rate of falls (24% reduc-
tion) and risk of falls (13% reduction) in community-
dwelling older people.8 Despite the benefits of exercise 
for preventing falls, widespread implementation and 
adherence to effective programmes is poor, significantly 
reducing the population-wide impact.9 Furthermore, the 
2020 WHO guidelines on physical activity and sedentary 
behaviour recommend that older adults should under-
take multicomponent physical activity that emphasises 
functional balance and strength training at least three-
times per week to enhance functional capacity and 
prevent falls.10 Therefore, exploring the effectiveness of 
novel exercise programmes with potential for wide reach 
that can improve balance is important.

Advances in technology have led to new ways to deliver 
exercise-based programmes. Such technology-based 
programmes, commonly referred to as electronic-Health 
(eHealth), that use the internet, websites, mobile appli-
cations (apps) or exergames, may provide effective 
alternatives to more traditional modes of delivering 
exercise-based programmes to improve balance and 
prevent falls, and increase access to such programmes. 
Previous studies show that eHealth interventions can 
successfully improve the health and physical activity of 
older people,11–16 and adherence by some older people is 
higher for technology-delivered interventions compared 
with traditional interventions, independent of study site, 
level of supervision and mode of delivery.17

eHealth-delivered exercise programmes are a safe way 
to exercise, and many older people perceive them as fun 
and enjoyable.18–22 This mode of delivery has also been 
successful for improving balance in younger adults, aged 
18+ years, with a number of systematic reviews evaluating 
the effectiveness of specific, technology-based approaches 
to improving balance or reducing fall risk in adults.23–26

Given the lack of systematic reviews and meta-analyses 
on the effectiveness of eHealth-delivered exercise 
programmes for improving balance in older people, 
further evaluation of the role of technology-driven plat-
forms is needed. This systematic review and meta-analysis 
aimed to synthesise the evidence and evaluated the effect 
of eHealth-delivered exercise programmes on balance in 
people aged 65 years and older living in the community 
compared with a control.

METHODS
Protocol
This review was registered on the PROSPERO database 
and followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.27 

The systematic review protocol has been published and 
provides a full outline of the methods.28 A summary of 
the methods is reported in this paper.

Data sources
A database search was conducted from inception to 
January 2022 of MEDLINE, CINAHL Complete, Embase, 
PsychINFO, Scopus, Web of Science, PubMed Central, 
Cochrane Database Central and PEDro. The protocol28 
details the complete search strategy used. Online supple-
mental figure 1 provides the MEDLINE search strategy.

Eligibility criteria
Studies included in this systematic review met the 
following criteria: (1) published in English, (2) 
randomised controlled trials (RCTs), (3) participants 
were community-dwelling people aged  ≥65 years, (4) 
reported data for a validated measure of balance, (5) 
included eHealth delivery of an exercise programme 
compared with no intervention, usual care or wait-list 
control. Studies that did not meet these criteria were 
excluded.

We included all RCT designs such as crossover, cluster, 
patient-randomised clinical trials that examined the effect 
of eHealth-delivered exercise programmes vs a control 
group. Single and multi-factorial interventions were also 
included. Studies published only as abstracts or yet to be 
published were excluded due to possible data inaccuracy 
and incompleteness.

Outcome measures
The primary outcome measure was balance, defined 
as staying upright and steady when stationary, such as 
when standing, or sitting, or during movement.29 Tech-
nically, balance is defined as ‘the ability to maintain the 
projection of the body’s centre of mass (CoM) within 
manageable limits of the base of support, as in sitting 
or standing, or in transit to a new base of support, as 
in walking’.30 The balance outcomes were further cate-
gorised as static or dynamic measures of balance in the 
analyses. Static balance refers to maintaining balance 
when the body has a constant or static base of support.29 
Whereas dynamic balance refers to maintaining balance 
during movement from one base of support to another, 
such as when walking.29 In the absence of functional 
measures of balance, we included studies which reported 
direct measures of balance, such as those measured with 
a force platform. Fall risk, fear of falling and fall rate were 
included as secondary outcomes. We included studies 
that used either validated self-report questionnaires or 
performance-based measures for these outcomes.

Study selection
After pilot-testing criteria for full-text articles, screening 
for eligible studies was conducted independently by 
two reviewers (MA, KLA/RS). An electronic screening 
form was used, and screening occurred in stages: first, 
titles were screened, followed by abstracts and finally 
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full-text articles were screened. Conflicts were resolved by 
consensus from AT, KD and CV.

Data extraction
Data extraction was completed by two researchers inde-
pendently from one another (MA, QT), and conflicts were 
resolved by a third reviewer (SA). Data were extracted 
using a piloted electronic data extraction form, and 
according to the PRISMA statement.27 Where data were 
missing, study authors were contacted by email to provide 
further information. Where the authors did not reply 
within 2 weeks, a second email was sent as a reminder.

The following data were extracted from each study: 
author, year of publication, country, sample character-
istics (sample size, age, sex of participants and health 
status), study design: including number of study arms, 
recruitment sources, eligibility criteria, setting, delivery 
method and technology used, intervention description, 
comparator, intervention duration and frequency, assess-
ment time-points. Also extracted were data on drop 
out, attrition, adverse events and intervention features 
such as implementation fidelity, evidenced-based theory, 
tailoring, supervision, intervention acceptability. Primary 
and secondary outcome data were extracted for prein-
tervention and postintervention timepoints. Where data 
were available for more than one postintervention time-
point, we included the data from the timepoint closest to 
intervention completion.

Methodological quality and risk of bias assessment
The PEDro scale (1–10) was used to assess the method-
ological quality of the included studies. PEDro scores were 
extracted from the PEDro database.31 The PEDro scale 
assesses the internal validity of an RCT by evaluating 11 
items: participant eligibility criteria, random allocation, 
concealed allocation, homogeneity of groups at base-
line, blinding of subjects, blinding of therapist, blinding 
of assessor, completeness of follow-up, intention-to-treat 
analysis, between-group statistical analysis, and variability 
and point measures.32 A score of 10 is considered to be 
methodologically excellent, whereas 0 demonstrates poor 
methodological quality.32 Methodological quality was not 
an inclusion criterion for this review.

In addition to the PEDro scale, we also used the 
Cochrane Risk of Bias to assess the risk of bias in each 
included study. The Cochrane Risk of Bias was under-
taken by two independent reviewers (MA, SA) with 
conflicts resolved by a third reviewer (CV). Risk of bias is 
assessed across a number of domains as a judgement of 
low risk, high risk, or unclear.33

Assessment of quality of evidence
To evaluate overall quality of evidence we used the 
Grading of Recommendations, Assessment, Development 
and Evaluations (GRADE) system. The GRADE appraisal 
was conducted by pairs of independent reviewers (MA, 
JSO) and guided by the Cochrane Handbook for System-
atic Reviews.33 This is a subjective evaluation of the quality 

of the evidence as high, moderate, low or very low based 
on the presence or extent of the following factors: risk 
of bias, imprecision and inconsistency of the effect. The 
GRADE classification was downgraded from high quality 
by one level for each factor encountered: (1) design 
limitations (>25% of studies with low methodological 
quality based on the Cochrane Risk of bias), (2) inconsis-
tency of results (large heterogeneity between the studies 
I2>50%), (3) imprecision (<400 participants for each 
outcome).33 We did not consider indirectness as it encom-
passes a specific population (older people) with relevant 
outcome measures (balance) and direct comparisons. We 
were unable to consider publication bias for secondary 
outcome measures due to the limited number of studies 
that collected measures for the fall-related outcome 
measures.33

Statistical analysis
We performed meta-analyses with Comprehensive Meta-
Analysis software (V.3, Biostat, Englewood, New Jersey, 
USA) using the random effects models for primary 
and secondary outcome measures. The random effects 
model was chosen given the heterogeneity of the popu-
lation and the interventions being evaluated. We calcu-
lated treatment effects for the continuous variables using 
standardised mean differences (SMDs, Hedges’ g) stan-
dardised by postscore standard deviation (or its estimate) 
with 95% CIs, for either between-group differences in 
point estimates at the follow-up time points or between-
group differences in change scores based on available 
data. SMDs were calculated using the premean and post-
mean and SD. Where this was not available, we used the 
mean change score. Effect sizes were categorised as small 
(0.2), medium (0.5) or large (0.8 or greater).34

We visually inspected the forest plot for evidence of 
heterogeneity among studies with consideration of the 
I2 and χ2 tests. We determined clinical heterogeneity by 
consensus among the investigators on the basis of collec-
tive experience in the field.

RESULTS
Flow of studies included in this review
The initial search of the databases resulted in 1080 
publications. An additional hand search, including the 
reference lists of relevant review articles found a further 
40 publications. After removing duplicate papers, 783 
publications were screened by title and abstract. Forty-
five publications reported on potentially eligible studies 
before full-text screening. After the full-text screen, 
14 studies, reported by 15 manuscripts, were identified 
as eligible and included in this study. Schoene et al35 
conducted a study involving interactive cognitive-motor 
step training, however this paper did not report the 
balance outcomes measured during this study. These 
balance outcomes were reported in Gschwind et al36 as the 
step-mat-training (SMT) intervention group. This review 
extracted outcome data for the SMT group only from 
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Gschwind et al36 paper, all other data pertaining to this 
study (including for the control group) were extracted 
from Schoene et al.35 Figure 1 outlines the PRISMA study 
flow of studies included in this review.

We pooled all included studies in the primary meta-
analysis evaluating the effect of interventions that use an 
eHealth technology to deliver an exercise programme to 
older people.

Risk of bias and quality
Table  1 reports the methodological quality of eligible 
studies. The total PEDro scores ranged from 3 to 8 
(mean of 5). For the static balance outcome five studies 
out of 11 (45%) were of high methodological quality 
(a score  ≥6).18 36–39 For the dynamic balance outcome, 
5 studies out of 14 (36%) were of high methodological 
quality.18 36–39 All participants were randomly allocated 
and provided the calculation of point estimates and 
variability (PEDro items 2 and 11). Four studies out of 
14 (29%) did not undertake an intention-to-treat anal-
ysis18 40–42 and 3 studies provided insufficient informa-
tion to determine this.43–45 None of the studies included 
blinded participants or blinded therapists, however, 
blinding of participants or therapists is not possible for 
exercise interventions. Table 2 reports the quality of the 
evidence. Figure 2 presents the risk of bias.

Cohort characteristics
Studies included samples ranging from 9 to 503 partic-
ipants (n=1180). The mean age of participants ranged 
from 65 to 89 years. Both males and females were 
included in 11 studies, all had a higher percentage of 
female participants.18 36–38 40 42 46 47 Two studies included 
only female participants,41 45 one study included only 
male participants.48 Every study recruited participants 
from the general community.18 36–48 Two studies recruited 

participants with a history of falls.41 45 Table 1 presents a 
summary of cohort characteristics.

Characteristics of included studies
Publication dates ranged from 2013 to 2021, with 11 
(76%) published during or after 2015. Studies were 
conducted in eight different countries: single studies 
were conducted in Hong Kong,46 Taiwan,47 the USA,42 
the UK,40 Japan,44 Malaysia48 and Thailand43; three 
studies were conducted in Australia18 36 39 and South 
Korea37 41 45; and one study was conducted across three 
countries: Germany, Spain and Australia.38 Details of 
study characteristics are summarised in table 1.

eHealth-delivered exercise programmes
The duration of the included interventions ranged from 
2 to 52 weeks, with a mean duration of 12 weeks. Eleven 
studies (79%) used a commercially available exergame 
system to deliver the exercises: five (36%) used the Micro-
soft Xbox Kinect,38 43 44 46 48 four (29%) studies used the 
Nintendo Wii console,37 40 42 45 two (14%) used the Dance 
Dance Revolution StepMania.18 36 Three studies (21%) 
used customised technologies: an app-based interven-
tion called StandingTall,39 a web-based intervention called 
telepresence,41 and the Xavix Measured Step System.47

Five studies (36%) used technology to provide a home-
based intervention.18 36 38 39 41 Nine studies (64%) used 
technology to deliver a supervised intervention: partici-
pants attended a supervised group class,37 44 46 or a super-
vised one-on-one session.40 42 43 45 47 48

In seven studies (50%), the control group received 
no information and were encouraged to continue with 
normal daily activities.40 42 47 Control participants in five 
studies (36%) received educational advice related to fall 
prevention, general health, nutrition and physical activity, 
in the form of a booklet or classes.36–39 41 Participants in 
one study continued with the regular, seated social games 
available at the senior’s activities centre.46

Effect of eHealth-delivered exercise programmes on balance
Eleven studies (79%) measured static balance using 
static balance,39 single leg stance,37 46–48 tandem stance,38 
postural sway,18 36 40 functional reach45 and the Fullerton 
Advanced Balance Scale.42 The pooled effect of eHealth-
delivered exercise programmes on static balance indi-
cates a medium, statistically significant effect compared 
with control (SMD=0.62, 95% CI 0.27 to 0.72; I2=82%, 
p=0.001) (figure 3). The pooled results provide very low-
quality evidence (GRADE).

All 14 studies measured dynamic balance with methods 
ranging from the Timed Up and Go,36–39 42 43 45–48 the Berg 
Balance Scale40 41 44 and the Alternative Step test.18 The 
pooled effect of eHealth-delivered exercise programmes 
on dynamic balance indicates there was a small, statisti-
cally significant effect compared with control (SMD=0.42, 
95% CI 0.11 to 0.73; I2=79%, p=0.009) (figure  4). 
The pooled results provide very low-quality evidence 

Figure 1  Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses flow of studies through the review.
RCT, randomised controlled trial.
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(GRADE). Online supplemental figure 2 provides the 
Funnel plot for static and dynamic balance.

Effect of eHealth-delivered exercise programmes on 
secondary outcomes
Five studies (36%) measured fall risk using the Physio-
logical Profile Assessment.18 36 38 39 43 The pooled effect of 
eHealth-delivered exercise programmes on fall risk indi-
cates a small effect compared with control (SMD=0.32, 
95% CI 0.00 to 0.64; I2=69.6%, p=0.048). The pooled 
results provide moderate-quality evidence (GRADE).

Four studies (29%) reported measures of fear of 
falling using the shortened Iconographical Falls Effi-
cacy Scale,18 38 39 or the Fear of Falling Questionnaire.41 
The pooled effect indicates no significant effect of 
eHealth-delivered exercise programmes on fear of falling 
compared with control (SMD=0.10, 95 % CI −0.05 to 
0.24; I2=0.0%, p=0.201). The pooled results provide high-
quality evidence (GRADE).

Two studies collected data for fall rate.37 39 However, 
Lee et al37 only reported a baseline measure for fall rate 
without providing further follow-up data. We were there-
fore unable to report on fall rate.

Adverse events
Eight included studies (57%) measured adverse 
events.35–41 46 Of those reported, no major adverse events 
were related to the intervention.

DISCUSSION
This systematic review and meta-analysis provides 
preliminary evidence that eHealth-delivered exercise 
programmes improve balance (static and dynamic) and 
provide an alternative method of delivering an exercise 

programme to people aged  65 years or over living in 
the community. This reviews also demonstrates that an 
eHealth-delivered exercise programme may improve fall 
risk in people aged 65 years or over living in the commu-
nity. However, we are uncertain whether an eHealth-
delivered exercise programme improves fear of falling 
or fall rate in people aged 65 years or over living in the 
community.

There are a number of factors that may have influ-
enced these results. First, the dose and intensity of the 
prescribed exercise in many of the studies may have been 
insufficient to substantially improve dynamic balance. 
A Cochrane review examining the effects of exercise 
interventions on balance found effective programmes 
were those attended three times per week for 3 months 
and involved dynamic exercises in a standing position.29 
While in 79% of studies (11/14) participants completed 
intervention exercises three times per week, only five 
studies had an exercise duration of 12 or more weeks. 
Furthermore, a systematic review on falls prevention 

Table 2  Summary of the quality of evidence and strength of recommendation

Quality assessment

Meta-analysis Study limitations* Inconsistency† Imprecision‡ Publication bias Overall GRADE

Static balance ↓ ↓ ↓ Very low

Dynamic balance ↓ ↓ ↓ Very low

Fall risk  �  ↓  �  Moderate

Fear of falling  �   �   �  High

*Risk of bias: we downgraded the evidence if >25% of included studies had a high risk of bias.
†Heterogeneity >50%.
‡We downgraded if there were <400 participants.
↓, downgraded; GRADE, Grading of Recommendations, Assessment, Development and Evaluations.

Figure 2  Risk of bias .

Figure 3  .

Forest plot: Effect size (95% CI) of e-Health interventions 
on static balance outcome by pooling data from 11 studies 
comparing e-Health versus control using random-effects 
meta-analysis (n = 1,056)

https://dx.doi.org/10.1136/bmjopen-2021-051377
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found greater effects from interventions that chal-
lenged balance and included  >3 hours per week.49 Six 
studies (43%) included tailoring (increases in intensity 
and challenge). In addition, only four studies engaged 
participants in at least 180 min of exercise per week for 
the duration of the intervention. Most studies (71%) only 
engaged participants for between 30 and 120 min of exer-
cise per week. This suggests that the challenge to balance 
may not have been of a sufficiently high dose. Therefore, 
our results, which indicate a small but statistically signif-
icant effect on dynamic balance, are promising. Further 
research is needed to explore the effect higher dosage 
(i.e., tailoring exercises to achieve increased intensity and 
challenge over the duration of the intervention) has on 
dynamic balance.

Finally, the tools used to measure dynamic balance may 
not be the most appropriate for the healthy older people. 
The most frequently used measure of dynamic balance 
was the Timed-up-and-go (TUG) (10/14). While the TUG 
is a validated tool and is recommended by the National 
Institute of Clinical Evidence for the assessment of gait 
and balance in the prevention of falls in older people,3 
research has found the TUG may be more appropriate 
for frail older people who use walking aids rather than 
healthy older people.50

The results for the secondary measures related to 
falls are mixed. While there was a small but significant 
effect on fall risk compared with the control, there is still 
uncertainty around the effect eHealth-delivered exercise 
programmes have on fear of falling. This is despite strong 
evidence that exercise interventions reduce falls in older 
community-dwellers.8 There are two possible explana-
tions for these findings. First, to be eligible the included 
studies had to report on balance, resulting in only a small 

number (n=5 fall risk; n=4 fear of falling) of studies also 
reporting a fall-related measure. This suggests we may 
have missed studies that measured the other fall-related 
outcomes of interest. Second, it is likely that the studies 
that reported a fall-related outcome, were not powered to 
detect an impact on falls (sample sizes ranged from 30 to 
503 participants).2

Implications for clinicians and policymakers
Given the often low levels of adherence to exercise-based 
fall prevention programmes among older people, new 
delivery methods that improve access and encourage 
uptake of programmes designed to improve balance and 
reduce falls are needed. This review demonstrates that 
eHealth platforms are an effective mode of delivering 
exercises to improve balance. Although we identified an 
intervention effect on balance (static and dynamic), not 
only does this need to be considered in the context of the 
quality of the evidence but also in the ability to scale up 
and implement such interventions to large populations 
where resources are available. Clinicians should consider 
the use of eHealth platforms for delivering exercise 
programmes to older people living in the community.

Unanswered questions
Our results identified evidence of the benefit of eHealth-
delivered exercise programmes on balance (static and 
dynamic) in older people living in the community. 
However, what remains unclear is the effect of eHealth-
delivered exercise programmes on fall risk, fear of falling 
and fall rate in this population. Future research should 
focus on high-quality studies that deliver the recom-
mended intensity and duration of exercise to provide 
a sufficiently high challenge to balance and impact on 
fall-related outcomes in a safe manner. Furthermore, 
future research needs to explore the long-term impact, 
cost-effectiveness and sustainability of eHealth-delivered 
programmes on balance and fall-related outcomes in 
older people living in the community.
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