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Abstract
Background: Stroke is one of the most common causes of disability worldwide. In 
recent years, diverse telehealth programmes for stroke survivors have suggested that 
this mode of rehabilitation could improve stroke survivors’ abilities to perform activi-
ties of daily living (ADLs) and maintain balance. Although increasingly utilised in clini-
cal and community settings, the effectiveness of telehealth interventions in stroke 
survivors remains inconclusive. This warrants investigation so that telehealth inter-
ventions are evidence-based and are not merely modalities of convenience.
Aim: To identify the effects of telehealth interventions on the ability to perform ADLs 
and maintain balance in stroke survivors.
Design: A systematic literature review and meta-analysis were conducted in accord-
ance with PRISMA guidelines.
Methods: A systematic literature search was performed using seven databases for 
literature dated up to April 25, 2021. The revised Cochrane risk of bias tool for ran-
domised trials was used to assess the methodological quality of the included studies. 
A meta-analysis was performed using a random-effects model to calculate the pooled 
effects of telehealth interventions. Stata 16.0 was used for the statistical analyses.
Results: A total of 14 studies with 1,367 participants were included in the analysis. 
Overall, telehealth interventions were effective in improving stroke survivors’ abilities 
to carry out their ADLs (standardised mean difference: .45; 95% confidence interval: 
.12 to .78); however, no significant effects were found on balance.
Conclusion: Telehealth interventions are beneficial for improving stroke survivors’ 
performance of their ADLs. Future telehealth intervention trials should focus on 
identifying essential intervention delivery components that facilitate intervention 
adoption by clinicians and stroke survivors and sustain the positive effects on stroke 
survivors’ performance of their ADLs in different settings.
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1  |  INTRODUC TION

Stroke is defined as a medical condition that occurs when the blood 
supply in the brain is disrupted, making it a major cause of death 
and disability (Campbell & Khatri, 2020). Worldwide, approxi-
mately 101.5 million people experienced a stroke in 2019, of whom 
78.2 million had an ischaemic stroke, 20.7 million had an intracere-
bral haemorrhage, and 8.4 million had a subarachnoid haemorrhage 
Virani et al. 2021. The death rate due to stroke is high. In 2019, an 
estimated 3.3 million individuals died from ischaemic stroke, 2.9 mil-
lion from intracerebral haemorrhage, and another half a million 
people from subarachnoid haemorrhage Virani et al. 2021. In addi-
tion, the mortality rate of stroke survivors is estimated to be 56% 
at 6 months, increasing to 61% at 12 months Lavados et al., 2021. 
Damage to the brain and subsequent cognitive, behavioural or 
physical disabilities commonly occur after stroke (Balasubramanian, 
2015). Infarct volume in strategic brain regions such as the corti-
cal limbic areas, heteromodal association areas including the frontal 
cortex, and white matter causes stroke victims to experience physi-
cal disability and have reduced cognitive function (Sun et al., 2014; 
Torrisi et al., 2019).

Interventions to support stroke survivors typically address phys-
ical function and disability include poor balance, impaired mobility, 
limited physical activity and activity daily living performance (Chen 
et al., 2021; Sarfo et al., 2018; Tchero et al., 2018).Primarily offered 
through in-person delivery for more than 15 years, many of these 
psychoeducational and behavioural interventions have been adapted 
for delivery by telephone or telehealth modalities (e.g. video, web), 
to increase accessibility and affordability (Banbury et al., 2018; 
Dawson et al., 2020). Furthermore, when the SARS-CoV-2 pandemic 
resulted in many in-person services and supports being paused, ser-
vices such as neurological rehabilitation centres and long-term care 
facilities had to rapidly deploy telehealth solutions (Bernini et al., 
2021; Mantovani et al., 2020; Seifert et al., 2020).

Telehealth is defined as the delivery and facilitation of health-
related services including medical care, rehabilitation, health-related 
patient education and self-management via telecommunication tech-
nologies (Dinesen et al., 2016; Tuckson et al., 2017). Rehabilitation 
services use telecommunication technologies to assist stroke survi-
vors in overcoming physical and cognitive impairments (Blek et al., 
2018). The trend of rehabilitation for stroke patients is to use tele-
health to augment conventional therapy with the aim of reducing 
disability and improving function (Sanchetee et al., 2021). There are 
many devices that can be helpful in maintaining the stroke survivor's 

interest and motivation such as virtual technologies, assistive de-
vices, neuroprostheses and smartphone applications (Clark et al., 
2019; Sanchetee, 2021). Using such devices during rehabilitation 
can facilitate their participation, thereby enhancing their overall 
well-being (Sanchetee, 2021).

There is some evidence supporting the use of telehealth for 
stroke survivors. For example, studies have shown that telehealth 
can provide rehabilitation services that effectively maintain and im-
prove motor function and the performance of activities of daily living 
(ADLs) (Galloway et al., 2019; Knepley et al., 2021; Sarfo et al., 2018). 
A previous systematic review and meta-analysis including 1,339 par-
ticipants showed that telehealth interventions did not enhance the 
performance of ADLs (p = .47) or motor function (p = .10) in stroke 
survivors (Tchero et al., 2018). However, an 8 week randomised con-
trolled trial (RCT) conducted in Spain with 41 participants suggested 
that telehealth intervention significantly improved the performance 
of ADLs (p = .009) (Grau-Pellicer et al., 2020). In a 24 week RCT con-
ducted in China with 54 participants, telehealth interventions were 
effective for improving balance (p < .001) and the stroke survivor's 
ability to perform ADLs (p < .001) (Chen et al., 2017a). Current study 
from Chen et al. (2021) reported that interactive telerehabilitation 
using kinect-camera improve balance in stroke survivor significantly 
(p < .01) (Chen et al., 2021).

These two recent studies have added to the knowledge base 
regarding the potential use of telehealth for stroke survivors. 
Continued efforts are needed to collect and analyse data on the 
effects of telehealth interventions on stroke survivors. Therefore, 
this meta-analysis focused on experimental studies such as RCTs, as 
they may provide robust evidence for the further development of 
telehealth interventions in rehabilitation programme.

Relevance to clinical practice.: It is essential to build flexibility in the telehealth-based 
intervention delivery protocol to meet individual stroke survivors’ needs to motivate 
and enhance their ADL performance.

K E Y W O R D S
activities of daily living, balance, meta-analysis, stroke survivors, telehealth

What does this paper contribute to the wider 
global clinical community?

1.	Telehealth interventions have been used as part of a 
rehabilitation approach for stroke survivors, and this 
meta-analysis proved that these interventions have clin-
ical benefits.

2.	Telehealth interventions positively affect stroke survi-
vors’ performance of ADLs.

3.	Health care delivered via telehealth could meaningfully 
support stroke survivors.
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2  |  MATERIAL AND METHODS

This study was conducted to identify the effects of telehealth in-
terventions on balance and the ability of stroke survivors to per-
form ADLs in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Page 
et al., 2021) (File S1 Supplementary documents 1, 2 and 3). This study 
has been registered with the International Prospective Register of 
Systematic Review: CRD42021254522.

2.1  |  Search strategy

A systematic literature search was performed using Academic 
Search Complete, Cumulative Index to Nursing and Allied Health 
Literature, EMBASE, MEDLINE, PubMed, OVID (UpToDate) and the 
Web of Science databases for literature dated up to April 25, 2021. 
Further, grey literature through google scholar was performed. 
Medical Subject Headings terms used in our search included; ‘stroke 
patients’ OR ‘post-stroke’ OR ‘stroke survivors’ OR ‘after stroke’ 
AND ‘digital health’ OR ‘digital medicine’ OR ‘mobile digital’ OR 
‘electronic health’ OR ‘eHealth’ OR ‘mHealth’ OR ‘telehealth’ OR 
‘telemedicine’ OR ‘telerehabilitation’ OR ‘tele-stroke’ OR ‘video 
conferencing’ AND ‘randomised controlled trial’ OR ‘randomised 
controlled study’ OR ‘randomly assigned’ OR ‘randomised’; the full 
list can be found in File S1 Supplementary document 1. The search 
was developed for one database and was later modified for other 
databases.

2.2  |  Eligibility criteria

To determine the inclusion criteria, the Population, Intervention/
Issue of Interest, Comparison, Outcome and Study (PICOS) method 
was used (Amir-Behghadami & Janati, 2020). Inclusion criteria were: 
(a) studies with stroke survivors; (b) studies that implemented tel-
ehealth intervention (i.e. videoconference, text messages and tel-
ephone calls); (c) RCTs, and studies published in English. Exclusion 
criteria were: (a) studies not within the scope of the PICOS criteria; 
(b) studies for which the full text was not available; and (c) study 
protocols. Two authors (IDS and DET) screened all relevant titles 
and abstracts against the eligibility criteria. Discrepancies were re-
solved through mutual consensus by the supervision of the third 
author (SOB).

2.3  |  Study selection and data extraction

A literature search was performed across the seven databases. 
Duplicates were removed before the retrieved studies were 
screened. Two authors (IDS and DET) independently screened the 
studies by looking at the title and abstract. Next, the full text of the 

studies was screened. Any discrepancies in the screening process 
were resolved through a consensus discussion with a third reviewer. 
After the final studies were identified, two reviewers indepen-
dently extracted key data points including the author, publication 
year, country, study design, intervention setting, participants’ de-
mographic data (e.g. total participants, number of women and age), 
intervention details (e.g. intervention type between groups, inter-
vention provider, frequency and period of intervention and follow-
up) and outcomes.

2.4  |  Risk of bias assessment

Two authors (IDS and DET) independently evaluated each study 
using the revised Cochrane risk of bias tool for randomised trials 
(RoB-2) (Sterne et al., 2019). The seven domains of the RoB-2 in-
clude risk of bias arising from the randomisation process, risk of bias 
arising from the time of participant recruitment, risk of bias due to 
deviations from the intended interventions, risk of bias due to miss-
ing outcome data, risk of bias in measurement of the outcome, risk 
of bias in selection of the reported result, and overall risk of bias. A 
study was considered to have high overall bias if three of the seven 
domains were considered high risk. Finally, publication bias was de-
termined by using funnel plots of the study effect size relative to the 
standard error as a visual aid for assessing systematic heterogeneity 
or bias. Any disagreement was resolved by a consensus-based dis-
cussion with a third author (SOB).

2.5  |  Statistical analyses

2.5.1  |  Data synthesis

The standardised mean difference (SMD) with 95% confidence in-
terval (CI) was calculated when the included studies used different 
scales to measure the same outcome (Liu et al., 2017; Sedgwick & 
Marston, 2013). The treatment effect on the outcomes was meas-
ured from the change in mean and standard deviation (SD) between 
pre-and post-intervention using the combined results of different 
scales from each group. Therefore, the mean difference and SD were 
calculated, and then, the SMD effect size (Cohen's d) in the exercise 
group and control group was determined.

2.5.2  |  Data analysis

Meta-analysis was used to analyse the potential heterogene-
ity of the variables, namely functional independence and balance. 
Heterogeneity was determined using the random-effects model for 
each variable through τ2, Q and I2; I2 of 25%, 50% and 75% indicated 
low, moderate and high heterogeneity, respectively (Higgins et al., 
2003). Publication bias was determined by the Egger's test and by 
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displaying the visual funnel plot (Egger et al., 1997). Meta-analyses 
were conducted using STATA 16.0.

3  |  RESULTS

3.1  |  Study selection

A total of 675  studies were identified, of which 205 were 
duplicates and thus were not included in the analyses. The 
title and abstract  of the remaining 470  studies were screened, 
of which 410 did not meet the PICOS method criteria for the 
following reasons: did not include the population of interest 
(n = 136), did not use telehealth interventions (n = 69), was not 
the study design of interest (n  =  201) or was not published in 
English (n = 1). The full text of 60 studies was screened for eli-
gibility, of which 46 were excluded because they did not include 
the population of interest  (n = 16), did not use telehealth inter-
ventions (n = 6) or were not the study design of interest (n = 24). 
A total of 14 studies (Asano et al., 2019; Jing Chen et al., 2017; 
Chumbler et al., 2015; Chumbler et al., 2012; Grau-Pellicer et al., 
2020; Huijbregts et al., 2009; Kotzian et al., 2019; Lin et al., 
2014; Nilius et al., 2019; Redzuan et al., 2012; Sarfo et al., 2019; 
Schwab et al., 2007; Smith et al., 2012; Wang et al., 2020) were 
included in the final analysis. Seven studies were not included 

in the quantitative analysis because the mean and SD were not 
available. Figure 1 illustrates the PRISMA flow diagram showing 
the selection of studies.

3.2  |  Study characteristics

All 14 studies included in this review were RCTs. Three studies were 
conducted in the United States, two were conducted in China and 
Germany, and one each was conducted in Austria, Canada, Ghana, 
Malaysia, Singapore, Spain and Taiwan. A total of 1,367 stroke sur-
vivors were included in the final analysis. The intervention settings 
were: the community (n = 5 studies), home (n = 2), hospital (n = 4), 
long-term care (n = 1), neurological rehabilitation centre (n = 1) and 
national stroke association (n = 1). The majority of participants were 
male (64%), although four studies did not report the gender of their 
participants. The ages of the participants ranged from 41 to 75 years.

The intervention providers were therapists (n = 5), nurses (n = 2), 
physicians (n = 5) and a researcher (n = 1); one study did not iden-
tify the intervention provider. Telehealth interventions for stroke 
survivors covered a range of educational topics, including physical 
exercise and the promotion of healthy behaviours. The total inter-
vention time ranged from 1 to 12  months. The follow-up periods 
after the interventions were 3, 6 and 24 months. A summary of the 
study characteristics is presented in Table 1.

F I G U R E  1  PRISMA Diagram – process 
of study selection [Colour figure can be 
viewed at wileyonlinelibrary.com]

PRISMA 2009 Flow Diagram
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TA B L E  1  Summary of included studie

No Author/year Country Setting

Participants Intervention types Intervention provider
Frequency and period of 
intervention Follow-up Outcome

Sample 
size Female

Mean of 
Age Experimental group Control group

1 Asano et al., 2019 Singapore Community 124 59 64.1 Received telerehabilitation and a 
standardised rehabilitation programme. 
Telerehabilitation with sensors, 
hardware and recording exercises. The 
standardised programme comprised 
both physiotherapy & occupational 
therapy components

Usual rehabilitation 
care

Therapist 1–3 sessions each session was 
an hour before discharge 
and continued at home for 
3 months.

Baseline and 3 months Physical function 
and quality of 
life

2 Chen et al., 2017 China hospital 54 NA ≥66.15 Received physical exercise programmes 
with occupational therapy and also 
electrical stimulation parameters 
included stimulus duration of 5 s, 
intermittent time of 2 s, pulse width of 
0.2 s, frequency of 50 Hz

Treatment as usual Therapists 1 h, twice per working day for 
12 weeks

baseline, 12 and 
24 weeks

Physical function 
and balance

3 Chumbler et al., 
2015

USA Home 48 NA NA Received home-based training in exercise 
and adaptive strategies.

Usual care Clinicians 3 months Baseline, 3 and 6 months Physical function

4 Chumbler et al., 
2012

USA Home 48 1 ≥67.1 Received 3 components of intervention: 
1 h home visits to assess physical 
performance & help communicate 
the instruction of exercises & use of 
technology; daily use of an in-home 
messaging device; 5 telephone 
intervention calls

Usual care Teletherapist 3 times 3 visits: weeks 1, 3, 5; 5 
telephone visits: weeks 2, 4, 6, 
8, 12. 3–4 exercises. Period of 
intervention was 3 months

Baseline, 3 and 6 months Self-efficacy and 
satisfaction

5 Grau-Pellicer 
et al., 2020

Spain Community 41 20 ≥62.96 Received 2 mhealth apps, Fitlab which 
monitors walking distance and walking 
speed and assesses mood, effort, 
recovery, wellness and fatigue.

Usual care NA 8-week in 2 days a week for 1 h 
sessions (16 sessions in total)

Baseline and 3 months Physical function 
and quality of 
life

6 Huijbregts et al., 
2009

Canada Community 18 NA ≥61.8 Received video conference, which includes 
both land and pool exercises.

NA NA 85-min exercises for 6 weeks Baseline, 8 and 10 weeks Balance and 
depression

7 Kotzian et al., 
2019

Austria Neurological 
Rehabilitation 
Centre 
Rosenhugel

251 79 ≥56.8 Received a 30-min introductory lesson 
with nasal or oronasal mask fitting, 
device handling and information 
about positive airway pressure (PAP) 
therapy. Participants were provided an 
AirsenseTM 10 Autoset CPAP (Resmed) 
including a humidifier that was set to 
autotitrate at a pressure between 6 
and 13 cm H2O.

NA Trained nurse Use the PAP for at least 4 h of 
sleep/night for 1 year

Baseline, 3 and 
12 months

Cognitive function, 
physical 
function and 
quality of life

8 Lin et al., 2014 Taiwan Long Term Care 
Facilities 
(LTCFs)

24 7 ≥74.6 Received 3 sessions of training per week. 
Telebalance training focused on 10 min 
of standing exercise according to 
3D animation exercise videos, which 
were Maya/3D Max Systems and 
~10 min of 3D interactive games with 
finger touching of the touch screen in 
standing posture.

Conventional training 
programmes as 
usual

Therapists 10 min standing seeing animation, 
10 min interactive games, 
3 sessions per week for 4 weeks

Baseline and 4 weeks Balance and 
physical 
function

9 Nilius et al., 2019 Germany Community 75 20 ≥55.4 Received telemonitoring, telephone 
calls and remote interventions. The 
online data (adherence, leakage, 
pressure, apnoea-hypopnea index) 
were anonymously transferred to a 
password-protected web server each 
morning.

Standard care Clinicians Use PAP devices <4 h/night over a 
week for 6 months

Baseline and 6 months Sleep

(Continues)
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3.3  |  Risk of bias in the studies

Overall, all of the included studies had a low risk of bias (Supplementary 
document 2). From the seven domains of the RoB-2, the potentially 
high risk of bias arising from the randomisation process was due to a 
lack of concealment of treatment and lack of participant blinding to 
the intervention, the therapist who administered the intervention, 
and the assessor. A high level of quality among the included studies 
in a meta-analysis is preferable. For the present meta-analysis, vari-
ance in the quality of the included studies was found. However, the 
examination of the funnel plots showed considerable symmetry for 
all of our outcome analyses, both of the outcomes; independency to 
perform activities of daily living and balance did not show an asym-
metrical outlier on the funnel plot (Figures 2,3,4 and 5).

3.4  |  Effects of telehealth on stroke survivors

3.4.1  |  Independence in ADLs

A total of 190 participants across six studies were assessed using the 
Modified Barthel Index (Jing Chen et al., 2017), the Barthel Index 
(Grau-Pellicer et al., 2020; Kotzian et al., 2019; Lin et al., 2014) or 
the Late-Life Function and Disability Instrument (Chumbler et al., 
2012) to measure cognitive function. The pooled SMD with random-
effects model was .45 (95% CI: .12 to .78), and significant differences 
in ADL independence level were observed in the intervention group 
or in those who applied telehealth intervention (p =  .01). The for-
est plot showed low heterogeneity among the studies (estimated 
τ2 = .03, Q = 5.10, df = 4, I2 = 21.51%) (Figures 2 and 4).

No Author/year Country Setting

Participants Intervention types Intervention provider
Frequency and period of 
intervention Follow-up Outcome

Sample 
size Female

Mean of 
Age Experimental group Control group

10 Redzuan et al., 
2012

Malaysia Neurology ward 90 38 ≥59.4 Received a self-instructional audiovisual 
DVD of standardised rehabilitation 
procedure consisting of 6 sessions. 
Participants received bimonthly 
outpatient therapy

Treatment as usual Physiotherapists, 
occupational therapists, 
rehabilitation physicians

45 min self-instructional video, 
done at home daily for 2 weeks

Baseline and 3 months Physical function

11 Sarfo et al., 2019 Ghana Outpatient 
neurology 
clinic

60 21 ≥54.3 Received a bluetoothed UA−767Plus 
BT Blood Pressure (BP) device 
& smartphone with embedded 
application for monitoring & reporting 
BP measurements and medication 
intake under a nurse's guidance

Standard care physician, nurse Twice a day, morning and evening 
BP monitoring

for
3 months

Baseline and 3 months Physical function

12 Schwab et al., 
2007

Germany Community 
hospital

302 117 ≥69.4 Received video conference including 
computed tomography (CT) scan and 
examination. A telemedical follow-up 
patient examination including 
NIHSS score and CT evaluation 
was performed 24 to 36 h after 
thrombolysis or earlier in the case of 
clinical deterioration

NA Physician 15 min videoconference (CT scan 
transmission & examination), 
24 to 36 h follow NIHSS and CT 
scan for

6 months

Baseline, 3 months and 
6 weeks

Physical function

13 Smith et al., 2012 USA National Stroke 
Association, 
Family 
Caregiver 
Alliance

32 NA ≥54.9 Received 5 component interventions: 
professional Guide, Educational 
Videos, Online Chat Sessions, Email 
and Message Board, and Resource 
Room. Evaluated weekly (and 
corresponding video)

Access the Resource 
Room only

Clinical Psychologists, PhD 
student in Nursing

Video duration 17 min, online chat 
session weekly, for

1 month

Baseline, post- test and 
1 month

Depression

14 Wang et al., 2020 China Stroke patients 
after discharge 
from hospital

200 79 ≥41.32 Received bluetooth sphygmomanometer 
and wearable bracelet, which 
connected to the ‘regional health 
monitoring networks platform 
based on the mobile end devices’. 
The bluetooth sphygmomanometer 
monitored BP, BP fluctuation and 
blood glucose. Bracelet monitored 
quality of sleep, step count, mileage 
analysis, calorie consumption analysis 
and exercise target tracking.

NA NA Daily health education. If data 
of patients were normal for 
2 weeks, health education was 
reduced to 3 times/week, for 
1 year

Baseline, 3, 6, 9 and 
12 months

Self-care ability

Note: NA; Not Available

TA B L E  1  (Continued)
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No Author/year Country Setting

Participants Intervention types Intervention provider
Frequency and period of 
intervention Follow-up Outcome

Sample 
size Female

Mean of 
Age Experimental group Control group

10 Redzuan et al., 
2012

Malaysia Neurology ward 90 38 ≥59.4 Received a self-instructional audiovisual 
DVD of standardised rehabilitation 
procedure consisting of 6 sessions. 
Participants received bimonthly 
outpatient therapy

Treatment as usual Physiotherapists, 
occupational therapists, 
rehabilitation physicians

45 min self-instructional video, 
done at home daily for 2 weeks

Baseline and 3 months Physical function

11 Sarfo et al., 2019 Ghana Outpatient 
neurology 
clinic

60 21 ≥54.3 Received a bluetoothed UA−767Plus 
BT Blood Pressure (BP) device 
& smartphone with embedded 
application for monitoring & reporting 
BP measurements and medication 
intake under a nurse's guidance

Standard care physician, nurse Twice a day, morning and evening 
BP monitoring

for
3 months

Baseline and 3 months Physical function

12 Schwab et al., 
2007

Germany Community 
hospital

302 117 ≥69.4 Received video conference including 
computed tomography (CT) scan and 
examination. A telemedical follow-up 
patient examination including 
NIHSS score and CT evaluation 
was performed 24 to 36 h after 
thrombolysis or earlier in the case of 
clinical deterioration

NA Physician 15 min videoconference (CT scan 
transmission & examination), 
24 to 36 h follow NIHSS and CT 
scan for

6 months

Baseline, 3 months and 
6 weeks

Physical function

13 Smith et al., 2012 USA National Stroke 
Association, 
Family 
Caregiver 
Alliance

32 NA ≥54.9 Received 5 component interventions: 
professional Guide, Educational 
Videos, Online Chat Sessions, Email 
and Message Board, and Resource 
Room. Evaluated weekly (and 
corresponding video)

Access the Resource 
Room only

Clinical Psychologists, PhD 
student in Nursing

Video duration 17 min, online chat 
session weekly, for

1 month

Baseline, post- test and 
1 month

Depression

14 Wang et al., 2020 China Stroke patients 
after discharge 
from hospital

200 79 ≥41.32 Received bluetooth sphygmomanometer 
and wearable bracelet, which 
connected to the ‘regional health 
monitoring networks platform 
based on the mobile end devices’. 
The bluetooth sphygmomanometer 
monitored BP, BP fluctuation and 
blood glucose. Bracelet monitored 
quality of sleep, step count, mileage 
analysis, calorie consumption analysis 
and exercise target tracking.

NA NA Daily health education. If data 
of patients were normal for 
2 weeks, health education was 
reduced to 3 times/week, for 
1 year

Baseline, 3, 6, 9 and 
12 months

Self-care ability

Note: NA; Not Available

TA B L E  1  (Continued)

F I G U R E  2  Forest plots of independency to perform activities of daily living [Colour figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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F I G U R E  4  Funnel plots of 
independency to perform activities of 
daily living [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  5  Funnel plots of balance 
[Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  3  Forest plots of balance [Colour figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/
https://onlinelibrary.wiley.com/
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3.4.2  |  Balance

Three studies with 90 participants were assessed by the Berg Balance 
Scale (Jing Chen et al., 2017; Huijbregts et al., 2009; Lin et al., 2014), 
to measure their balance while performing ADLs. The pooled SMD 
with random-effects model was .03 (95% CI: −.38 to  .45), and no sig-
nificant differences in balance were found between the intervention 
and control groups (p = .87). The forest plot showed no heterogene-
ity among the studies (estimated τ2 = .00, Q = 1.14, df =2, I2 = .00%) 
(Figures 3 and 5).

4  |  DISCUSSION

The purpose of this meta-analysis was to examine the effectiveness of 
telehealth interventions in stroke survivors. Compared to routine or 
usual care (typical control condition), telehealth interventions yielded 
significant benefits in improving the performance of ADLs among 
stroke survivors; however, the intervention did not significantly im-
prove balance. Recent systematic reviews have reported the positive 
contribution of telehealth in those who experience stroke, particularly 
for improving the stroke survivor's performance of ADLs and their bal-
ance (Chen et al., 2019; Dominguez-Tellez et al., 2019; Rooij et al., 2016).

The findings of this systematic review are consistent with pre-
vious systematic reviews showing that stroke survivors’ abilities to 
perform ADLs were significantly improved through the use of dif-
ferent types of technology including games, telerehabilitation, vir-
tual reality, sensors and tablets (Chen et al., 2019; Laver et al., 2011; 
Zhang et al., 2021). In addition to the utilisation of technologies, one 
important factor driving stroke survivors to achieve optimal inde-
pendence is their focus on regaining their abilities to perform their 
ADLs (Cherry et al., 2017). Other studies have shown that approx-
imately 25% to 74% of stroke survivors are dependent on others 
for their ADLs, and on average, a stroke survivor may experience at 
least  .86, 1.24 or 1.39 years with mild, moderate or severe disabil-
ities, respectively (Miller et al., 2010; Pei et al., 2016). Considering 
the high number of people affected by stroke, many interventions 
focus on improving ADLs because this is a crucial factor for improv-
ing quality of life (Kim et al., 2014; Pei et al., 2016). Early and in-
tensive stroke rehabilitation is a strategy that can enhance stroke 
survivors’ abilities to perform their ADLs, and this can be offered in a 
range of settings such as the hospital, community and during home-
based rehabilitation (Hebert et al., 2016; Yagi et al., 2017).

Telehealth has expanded to home-based telerehabilitation aimed 
at helping patients have rehabilitation at home, which is particularly 
useful for patients who need long-term rehabilitation, such as stroke 
patients with balance disorders (Y. Chen et al., 2019; Schwamm, 
2019). Our review showed that telehealth did not have significant 
effects on balance in stroke survivors, in accordance with previous 
studies (Appleby et al., 2019; Chen et al., 2017b, 2015). Those studies 
revealed that telehealth such as telerehabilitation and supervision 

alone are not superior to conventional strategies for balance rehabil-
itation, which involve physical interaction/companion of a therapist. 
The presence of a therapist has been identified as an important fac-
tor in improving balance (Schröder et al., 2019).

Virtual reality training is gaining popularity due to its effec-
tiveness, efficiency and feasibility compared to traditional or 
conventional rehabilitation; some studies suggest that balance tel-
erehabilitation, combined with virtual reality training, is more effec-
tive than balance training without virtual reality training (Lei et al., 
2019; de Rooij et al., 2016; Zhang, Wang, et al., 2021). Virtual reality 
can play an important role in improving motor function by reshap-
ing the contralateral sensor motor cortex, leading to reacquisition of 
locomotor skills and improving the ability of the brain to perceive, 
process and integrate information, thereby allowing stroke survivors 
to better maintain balance and control their posture (Lei et al., 2019; 
Lloréns et al., 2015). Studies have shown that home-based virtual 
reality training is more effective than conventional physical therapy 
(Feng et al., 2019; Lee et al., 2016; Karamians et al., 2020). Moreover, 
home-based virtual reality training gives stroke survivors the ability 
to continue ongoing rehabilitation at home in a more individualised, 
convenient and accessible setting (Lei et al., 2019; Sheehy et al., 
2019). Virtual reality also provides patients a safe and controlled 
virtual environment (Chen et al., 2019); therefore, it is considered a 
promising novel therapy for stroke survivors, particularly those who 
have problems with balance recovery (de Rooij et al., 2016).

This systematic review also found that most articles on tele-
health for stroke rehabilitation focus more on physical rehabilitation. 
However, depression is common after stroke, with an incidence of 
more than 50% and can lead to a lack of motivation to participate 
in rehabilitation (Song & Park, 2015). Therefore, it is necessary to 
develop more treatment options that focus not only on physical im-
pairment but also on mental and psychosocial issues after stroke.

4.1  |  Limitations

This review had several limitations. First, despite employing a com-
prehensive search strategy, a limited number of studies on balance 
among stroke survivors met the inclusion criteria. Second, methodo-
logical characteristics that might bias the results, for example, blind-
ing of the outcome assessor, intention-to-treat analysis or allocation 
concealment, were not consistently reported in the identified stud-
ies. Third, this review only included studies published in English due 
to a lack of translator resources, which might have resulted in the 
omission of significant data from original papers published in other 
languages. Fourth, the statistical power of this meta-analysis may be 
limited by the inclusion of only 14 studies. Fifth, various levels risk of 
bias was presented in the included RCTs, indicating that more rigor-
ous RCTs are necessary for the future. Finally, few available studies 
were identified, despite the performance of a comprehensive litera-
ture search that included eight databases. Some relevant studies 
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may have been identified in other databases, such as PsychINFO and 
Scopus, which were not included in this study.

4.2  |  Conclusion and Relevance to Clinical Practice

This review study concludes that telehealth interventions are benefi-
cial and have positive effects on improving stroke survivors’ perfor-
mance of their ADLs. These findings confirm that the use of telehealth 
can be effective in delivering stroke-related education programmes 
to improve and prevent disability among stroke survivors. Future 
telehealth intervention trials should focus on identifying essential 
intervention delivery components and strategies that facilitate in-
tervention adoption by clinicians and stroke survivors and sustain 
the positive effects on stroke survivors’ performance of their ADLs 
in different settings (e.g. long-term care facilities, individual homes). 
In other words, study designs should include stroke survivor-centric 
assessments of process and outcomes (e.g. progress, challenges and 
barriers when performing ADLs) that could be administered and 
monitored by clinicians, patients or their family caregivers as appro-
priate. As for practical implications, implementation of telehealth-
based interventions to improve stroke survivors’ performance of 
their ADLs in real-world clinical or community settings is promising 
and needed. It is essential to build flexibility in the telehealth-based 
intervention delivery protocol to meet individual stroke survivors’ 
needs to motivate and enhance their ADL performance.
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