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ABSTRACT

Background: Recent advances in technology have made possible the delivery of health
services to patients remotely, and telerehabilitation for stroke survivors has emerged as a
promising intervention. This systematic review assessed the clinical effectiveness of telereha-
bilitation (TR) programmes on quality-of-life (QoL) of stroke survivor compared to standard
care.

Methods: MEDLINE, CINAHL, AMED, Web of Science, and Scopus databases were searched
from inception to 10 June 2022. Studies were considered eligible for inclusion if they fulfilled
the following criteria: assessed the efficacy of different telerehabilitation models in post-
stroke patients, employed randomised controlled trial, and non-randomised design, stroke
survivor adults age > 18years, health-related quality of life outcome, and full text available.
Data were extracted by two independent researchers. Risk of bias was assessed by the
Cochrane Handbook for Systematic Reviews of Interventions. A meta-analysis was performed
among trials presenting with similar clinical characteristics.

Results: A total of 11 eligible studies that met the inclusion criteria were included in the
review. These studies were conducted in Brazil (n=1), ltaly (n=2), the Netherlands (n=1),
South Korea (n=1), Taiwan (n=1), United Kingdom (n=1) and United States (n=4)
between 2004 and 2020. Except for blinding of participants to study group allocation, all the
studies were (>50%) at low risk of bias to considering adequate sequence generation, allo-
cation concealment, blinding of trial personnel or outcome assessors, evaluation of incom-
plete outcome data, and lack of selective reporting. The meta-analysis (n=5) included 306
individuals with duration of follow-up ranged between 4and 12 weeks. We found that there
were no statistically significant difference (SMD = 0.089, confidence interval (Cl) 95% =
—0.184 to 0.362, p=0.522) for Stroke Impact Scale between the interventions and the
control.

Conclusion: The review provides evidence for the effectiveness of TR interventions to
improve the QoL of stroke survivors in a short term. Further research studies are required to
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examine the effectiveness of TR interventions for stroke survivors in a long-term follow-up.

Introduction

Stroke is one of the leading causes of mortality and
a major cause of disability [1]. The most common
consequences of strokes are communication disor-
ders, physical impairments, mood disturbances, and
cognitive and emotional problems [2]. Every year 15
million people suffer from stroke worldwide, and in
the United Kingdom (UK), there are over 1.3 mil-
lion stroke survivors [3,4]. Stroke creates consider-
able social and economic burden to individuals and
society, for example, in 2017 stroke cost the 32
European countries under analysis €60 billion, with
health care accounting for €27 billion (45%), repre-
senting 1.7% of healthcare expenditure [5]. From

the societal perspective, the cost of stroke in 2014/
2015 in the UK was £26 billion per year, including
£8.6 billion NHS and social care costs [6]. Stroke
has substantial adverse impact on the stroke survi-
vors health-related QoL [7]. For example, a study
that examined the national impact of stroke on
health related QoL in the United States revealed
that in addition to mortality and morbidity, stroke
leads to significant reductions in quality of life [8].
Recent advances in technology have made pos-
sible the delivery of health services to patients
remotely, and telemedicine for stroke survivors has
emerged as a promising intervention [9]. This is in
line with the World Health Organisation’s health-
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for-all strategy recommendation to its member
states to integrate the appropriate use of health tele-
matics in their overall policy and strategy for the
attainment of health for all in the 21st century [10].
Telemedicine is the exchange of healthcare through
education and teaching programs from one location
to another using electronic communication [11].
Telemedicine when used in rehabilitation is consid-
ered as telerehabilitation, and its use has rapidly
grown worldwide [12]. Telerehabilitation can be
defined as the ability to provide distance support to
persons who are disabled via telecommunication,
and its success depends mainly on the cooperation
of patients and their families and rehabilitation
team skills [13]. Telerehabilitation helps healthcare
providers and patients to reduce hospitalisation
times and associated costs [14].

Empirical evidence on the potential benefits of
telerehabilitation for stroke survivors is needed to
improve health-care delivery and outcomes. The
findings of a recent systematic review indicated that
telerehabilitation is comparable in effects to conven-
tional in-person rehabilitation on health-related
quality of life (QoL), upper extremity function, and
balance function in poststroke patients [15,16].
However, the authors suggested further studies are
needed to evaluate the health-related QoL on stroke
survivors with the different components of the tele-
rehabilitation that contributed to its effectiveness.
This systematic review assessed the clinical effective-
ness of telerehabilitation programmes on quality of
life (QoL) of stroke survivors compared to standard
care.

Methods
Search protocol and registration

This study was performed and reported following
the DPreferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist for
systematic reviews of intervention. A protocol for
this systematic review was prospectively registered
on PROSPERO and can be found at https://www.
crd.york.ac.uk/PROSPERO/display_(CRD: 4202129 5888).

Data sources and search strategy

On June 10, 2022, a comprehensive search of the
following databases: MEDLINE, CINAHL. Web of
Science, Scopus, and Allied and Complementary
Medicine Database (AMED) were performed. Final
searches were conducted in January 2023. The
searches were combinations of rehabilitation, stroke
rehabilitation, exercise therapy, physical, rehabilita-
tion medicine, physical rehabilitation, telehealth,
mobile  health  units, telemedicine, remote

monitoring, telerehabilitation, remote rehabilitation,
virtual rehabilitation, quality of life, and health-
related quality of life. The search was delimited to
articles published in English language. References of
the included studies were searched for any studies
we missed during the database search.

Inclusion and exclusion criteria

Studies were considered eligible for inclusion if they
fulfilled the following criteria: assessed the effective-
ness and efficacy of different telerehabilitation mod-
els in poststroke patients, employed randomised
controlled trial, and non-randomised design, adults
(age > 18years) stroke survivor, health related qual-
ity of life outcome, and full text available. Health
related quality of life was defined as an individual’s
perception of position of life in the context of the
culture and value system, and it is measured by vali-
dated scales and measurement systems such as
Stroke Impact Scale, European Quality of Life 5
Dimensions (EQ-5D), Short Form-12 and the Short
Form-36 [17,18]. Telerehabilitation in this study
include any alternative method that is useful to
deliver therapy in a setting convenient to the patient
using information and communication technology
[19]. We excluded studies that had non-telerehabili-
tation therapies, treatment which was aimed specif-
ically on children or animals, conference papers,
case studies, and editorial. Two reviewers (TG and
CM) screened the search results using the criteria
mentioned above. When the judgments of both
reviewers were not similar, other reviewers solved
the discrepancy (CA and FF).

Study selection and assessment of
methodological quality

Following removal of duplicates, one reviewer (TG)
screened all titles, abstracts, and full-text articles and
a sample of each was checked by a second reviewer
(FF). Any difference was resolved by discussion and
consensus with other reviewers (CM and CA). The
full texts of the identified studies were checked
against the inclusion and exclusion criteria. We used
the Cochrane Handbook for Systematic Reviews of
Intervention [20], to assess the methodological qual-
ity of each included studies. The criteria recom-
mended in the Cochrane Handbook for Systematic
Reviews of Interventions for randomised control
trial include random sequence generation; allocation
concealment; blinding of participants, clinical staff,
and outcome assessors (performance bias, detection
bias); incomplete outcome data (attrition bias);
selective reporting (reporting bias); and other bias.
To assess the methodological quality of the
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observational studies, confounding, selection bias,
information bias, bias due to deviations from
intended interventions, bias due to missing data,
bias in measurement of the outcome and bias in
selection of the reported result were used. The over-
all risk of bias assessment of the included studies
was reported as high (high risk of bias in at least
one domain for the result), moderate (some con-
cerns in at least one domain for the result, but not
to be at high risk of bias for any domain), and low
(low risk of bias for all domains for the result). Any
difference was resolved by discussion and consensus
with other reviewers.

Data extraction

Two independent reviewers (TG and CM) used
Excel sheet to extract data for the prespecified out-
comes, including author, country, setting, study
design, numbers of patients randomised to each
arm, population (n, % female), details on blinding,
age, inclusion and exclusion criteria, intervention
and control conditions, duration, outcome measures
used and result of studies. Discrepancies were
resolved by discussion with other reviewers (CA and
FF) when necessary.

Data synthesis

Data synthesis was carried out using a descriptive
and quantitative synthesis. The number of patients
in each group who improved their health were
recorded during follow-up period. Using a compre-
hensive (Comprehensive
Meta-Analysis v3 exe.), a summary of risk ratio of

meta-analysis software
effects was calculated for some of the individual
studies. To adjust for the heterogeneity across inter-
ventions, a random-effect model was adopted [21].
The assessment of heterogeneity was based on I
statistic, where 0% to 25% was low, 26% to 74%
moderate and 75% and over were high statistical
heterogeneity [21].

Results

The search strategy identified 1367 studies. After the
removal of duplicates, 1076 studies were screened
for title and abstract. 86 studies progressed to the
next stage and were reviewed in full text. A total of
11 eligible studies that met the inclusion criteria
were reviewed. The literature selection process is
outlined in Figure 1.
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Characteristics of the included studies

The study characteristics are outlined in Table 2.
The 11 RCTs published between 2004 and 2020.
The studies were conducted in a number of coun-
tries including Brazil (n=1), Italy (n=2),
Netherlands (n=1), South Korea (n=1), Taiwan
(n=1), United Kingdom (n=1) and United States
(n=4). The number of participants in any single
study varied from 15 to 536 with a mean (SD) age
of 43.7 (11.3) to 68 (11.9) years. The duration of fol-
low-up ranged between 1month and 12 months.
While telerehabilitation was a common mode of
delivery of interventions, the actual interventions
that were delivered varied within the included stud-
ies (Table 1). The outcome measures reported are
Stroke-Specific Quality of Life Scale, the Short Form
36 Health Survey Questionnaire (SF-36), self-rated
quality of life questionnaire, the 12-Item Short Form
Health Survey (SF-12), and European Quality of Life
5 Dimensions 3 Level Version (EQ-5D 31L) [22-32].

Risk of bias assessment

Table 2 provides a summary of the risk of bias
assessment of the included randomised control trial
studies (n=11). All the included studies reported
low risk of bias in selection bias. Allocation conceal-
ments were reported in 54.6% (n=6) of studies
with a high risk of bias. 90% (n=10) of the
included studies (unclear risk of bias) reported
blinding of participants to the study group alloca-
tion. On the other hand, 82% (n=9) of the
included studies (low risk of bias) reported blinding
of trial personnel or outcome assessors. A low risk
of bias with respect to attrition in 73% (n=38) of
the included studies was also reported. Selective
reporting was reported in 55% (n=6) of the studies
with a low risk of bias.

Summary of key findings

Table 1 provides a summary of outcomes from the
11 included studies. Collectively, despite heterogen-
eity in the intervention parameters underpinning
telerehabilitation and the varied measures of out-
comes, it appears that it is more likely that telereha-
bilitation may be as effective compared to
conventional therapy to improve health related QoL.
Although  some of the included studies
[24,25,28,30-32] indicated a statistically not signifi-
cant difference between the intervention and con-
trol, all of them seems to show improvements in
health-related quality of life.

Random effects analysis was performed to calcu-
late the risk ratio difference for health-related qual-
ity of life (Stroke Impact Scale) between
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Records identified through database
searching (n = 1367)

Records after duplicates removed

(n=291)

(n=1076)

Records screened by titles and abstract

Records excluded

(n=990)

(n=86)

Full-text articles assessed for eligibility

Full-text articles excluded (n = 75)

Study design (n =32
Patients not refractory gout (n = 18)

L

Did not report sufficient data (n =15)

L]
L]
L]
¢ Notanintervention (n = 10)

(n=11)

Studies included in data synthesis

Figure 1. PRISMA flow diagram for included studies.

telerehabilitation and the controls (Figure 2).
Telerehabilitation is an example of using informa-
tion communication technology in the field of
rehabilitation (Table 1). The meta-analysis included
306 individuals with duration of follow up ranged
between 4weeks and 12weeks [24,26,28-30]. It
found that there was no statistically significant dif-
ference (SMD = 0.089, confidence interval (CI) 95%
= —0.184 to 0.362, p=0.522) between the interven-

tions and the control.

Discussion

To the best of our knowledge, our study is the first
to perform a systematic review and meta-analysis on
the effectiveness of telerehabilitation on QoL in
stroke survivors. A total of 11 studies from eight
countries were included. All the included studies
were assessed low risk in selective bias. The results
of this systematic review suggest that telerehabilita-
tion is effective compared to standard care to
improve for health related QoL in stroke survivors.
However, the pooled analysis indicated that telere-
habilitation interventions are as good as conven-
tional rehabilitation in improving the QoL in stroke
survivors. Small numbers of studies and the variety
of telerehabilitation interventions included for meta-
analysis could be the reason for the findings.

In line with our review, systematic review find-
ings on the effectiveness of telerehabilitation in the
management of adults with stroke and Multiple
Sclerosis has suggested that telerehabilitation pro-
duced comparable improvement of the patients’
health related QoL and activities of daily living
function [33-35]. Overall, the current review pro-
vides positive results that suggests telerehabilitation
is effective, adding to the findings of previous sys-
tematic reviews evaluating the efficacy of telerehabi-
litation in the management of stroke survivors
[15,16,32]. However, it is necessary to underscore
that telerehabilitation interventions have both
advantages and disadvantages over face to face
[36,37]. The advantages of telerehabilitation inter-
ventions may include improved access to informa-
tion, provision of care not previously deliverable;
improved access to services and increasing care
delivery; improved professional education; quality
control of screening programmes; and reduced
healthcare costs [36]. On the other hand, several
drawbacks limit the spreading of telerehabilitation: a
breakdown in the relationship between health pro-
fessional and patient; a breakdown in the relation-
ship between health professionals; issues concerning
the quality of health information; the lack of
technological infrastructure in low-income countries,
and organisational and bureaucratic difficulties
[36,38]. Thus, regardless of the evidence on the
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Table 2. Risk of bias item presented as percentages across all included studies.

Yes — low risk of bias No - high risk of bias Unclear
Random sequence generation (selection bias) 11 (100%) 0 (0%) 0 (%)
Allocation concealment (selection bias) 4 (36.4%) 6 (54.6%) 1 (9%)
Blinding of participants to study group allocation 1 (9%) 0 (0) 10 (91%)
Blinding of trial personnel or outcome assessors 9 (82%) 2 (18%) 0 (0%)
Incomplete outcome data (attrition bias) 8 (73%) 2 (18%) 1 (9%)
Selective reporting 6 (55%) 4 (36%) 1 (9%)

Study name

Statistics for each study

Upper
ﬁr’r)ﬂt p-Value

Std diff Lower

in means limit
Saposnik et al[27{0.318 -1.159 0.523
Shin et al.[28] 0461 -0.125 1.047
Byl et al.[29] 0.502 -0.757 1.761
Linder et al.[25 0.223 -0.172 0.619
Cramer et al.[23]-0.151 -0.503 0.202
0.089 -0.184 0.362

0.459
0.123
0.434
0.269
0.402
0.522

Std diff in means
and 95%CI

o

=

Heterogeneity t2 = 0.000

-0.85 -0.43 0.00 043 0.85

Favours Int Favours Cot

Figure 2. Forest plot for the effect of telerehabilitation on health-related quality of life outcomes in stroke survivors.

effectiveness of telerehabilitation, unequivocal rec-
ommendation cannot be made due to the variations
of interventions and comparators across studies, and
there were few adequately powered studies.

The included studies in the current review used
different models of telerehabilitation interventions.
Some studies used only telephone calls [31], while
others used videophone [25], Nintendo Wii Sports
[32], robot-assisted therapy [26], virtual reality sys-
tems [28], and a glove-shaped sensor device and a
software application [29]. Moreover, the duration of
telerehabilitation programmes and frequency of fol-
low-up visits with medical staff differed from one
study to another. Parallel to this it is important to
put in place measures to ensure the safety of people
with stroke during the implementation of telerehabi-
litations. Some of the measures used to prevent the
adverse events of the stroke survivors may include
simple telephone monitoring and synchronous ther-
apist led sessions [39].

The included studies varied with participants age,
duration of follow up, and the settings where they
received the intervention. Except two [31,32], all the
included studies included were conducted in partici-
pants below the 60 years. The reason for the research-
ers working with young adults could be due to their
better use of information, communication and tech-
nology through mobile apps, computer system or
electronic gadget [33]. Parallel to this, previous
research has also confirmed that the age of the
patients is important to determine the stroke care
they receive [38]. The duration of follow up of the
patients in the included studies varied between
1 months and 12 months. This variation could be due
to some stroke patients requiring intensive rehabilita-
tion in hospitals because of the severity of their con-
dition compared to others in the community [33].

There are a number of strengths and limitations
of this study that need to be considered. The main
strength of this review is the comprehensiveness of
the search terms, screening of numerous data bases,
and assessment of methodological quality of the
studies. We evaluated the pooled benefits of telere-
habilitation interventions in stroke survivors’ QoL
in a meta-analysis. Only studies published in
English language were included. Therefore, it is pos-
sible that relevant studies published in other lan-
guages may have been excluded. The relatively small
sample size, small number of studies and the adop-
tion of several different mode of telerehabilitation
interventions in the included studies limit the gener-
alisability of the findings. Despite these limitations,
we believe that this review was systematic in nature
and summarises all available and relevant results of
the effectiveness of telerehabilitation on QoL in
stroke survivors from the literature.

Conclusion

This is the first systematic review and meta-analysis
that has exclusively evaluated the effectiveness of tel-
erehabilitation on health related QoL in stroke sur-
vivors. The results of the current study do support
that telerehabilitation
option compared to standard practice for stroke sur-
vivors. However, the review was unable to demon-
strate the benefit of pooled effectiveness of
telerehabilitation, and further rigorous clinical trials
are warranted prior to formally concluding its
effectiveness on the QoL in stroke survivors. If sup-
ported in future and better designed trials, telereha-
bilitation may become a striking alternative to
standard practice to improve health outcomes at the
least cost, by to a

interventions are a viable

improving access timely



intervention and reducing inequities in the accessi-
bility to stroke survivors.
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