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Abstract

Objective: Multiple sclerosis (MS) is a chronic neurological condition that significantly impacts the quality of life of affected
individuals. Telehealth interventions (TIs) have emerged as a promising avenue for providing healthcare services remotely,
potentially improving outcomes and enhancing the quality of life for people with MS. This systematic review aims to assess
the impact and efficacy of TIs on outcomes of people with MS by synthesizing and comparing outcomes from related ran-
domized controlled trials.

Methods: The systematic review protocol will involve searching electronic databases (PubMed, Web of Science, Scopus,
EMBASE, CENTRAL), gray literature resources, and key journals from 1997 to June 2023 for keywords related to
Telehealth and MS. The collection of research-related articles will be followed by the removal of duplicates before they
are included in the study. During the screening stage, the titles and abstracts of the articles will be reviewed, and irrelevant
articles will be excluded. The full text of relevant articles will be independently evaluated by two researchers, and data will
be extracted from the final articles. The findings will be classified and recorded in an extraction table. The risk of bias will be
assessed using the Cochrane Collaboration tool. The data will be analyzed using STATA version 14.2. The PROSPERO ID for
this study is CRD42023450081.

Discussion: This study aims to address the current knowledge gap by investigating the comparative effectiveness of TIs. The
findings of this research will provide valuable insights and evidence regarding the effectiveness of these interventions, assess
their feasibility and accessibility, examine patient outcomes, identify research gaps, and offer guidance for clinical practice
and policy-making.
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Introduction
Multiple sclerosis (MS) is a chronic neurodegenerative
disease that affects millions of people worldwide, causing
physical and cognitive impairments.1 The worldwide

prevalence of MS is estimated to be 2.3 million people.
Typically, the onset of the disease occurs during early
adulthood.2 The signs and symptoms of the disease are
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unpredictable and uncertain.3 Its neurological condition is
characterized by a wide range of symptoms, including
fatigue, muscle weakness, balance problems, and cognitive
impairments, which can significantly impact the quality of
life (QoL) of the patients.4–6 A significant concern in MS
care is the limited access to specialized healthcare services,
with studies revealing that at least 31% of individuals with
MS lack the necessary access to such services.7,8

Furthermore, the management of MS typically involves fre-
quent visits to healthcare facilities, which can be particularly
challenging for those with mobility issues or residing in
remote areas.9–11 This emphasizes the pressing need for
improved accessibility and availability of specialized care
for individuals with MS. Fortunately, the emergence of
Telehealth interventions (TIs) has provided new opportun-
ities for the care and support of MS patients.8,12

Telehealth, leveraging high-speed internet, affordable
cameras, and monitoring software, shows promise in bridg-
ing the gap between MS specialty care providers and
patients with limited access.8,13,14 Telehealth, also referred
to as telemedicine or remote healthcare, utilizes telecommu-
nication advancements to remotely deliver medical services
and interventions.15,16 This approach allows healthcare pro-
fessionals to monitor, diagnose, and treat MS patients in
real time, overcoming the constraints of time and loca-
tion.17,18 The benefits of Telehealth include enhanced
accessibility, convenience, and the potential for improved
patient outcomes.19,20 Throughout the search conducted
across various databases, numerous clinical trial studies
were carried out to examine the impact of TIs on enhancing
the well-being of patients with MS. These studies reported
various outcomes, such as QoL, depression, fatigue, pain,
and anxiety,21–24 but the primary outcome of the most of
them focused on QoL. These researches delve into different
types of telehealth (synchronous and asynchronous), such
as telephone consultations, remote monitoring, mobile
applications, and telerehabilitation programs. They specif-
ically highlight the unique advantages, outcomes, and lim-
itations associated with each modality, providing valuable
insights into the diverse approaches of telehealth in improv-
ing the QoL of patients with MS.21–26 The latest review
study in this field, conducted in 2018, primarily emphasized
positive or significant findings, potentially disregarding
negative or non-significant reports. This review study
acknowledged the need for a comprehensive systematic
review with accurate inclusion criteria and a wider search
scope. It also recognized the importance of examining add-
itional outcomes to provide a more comprehensive under-
standing of the effects of TIs in MS care.8 Hence, the
objective of the upcoming study will be to assess the
impact and effectiveness of TIs on QoL in individuals
with MS. This study aims to achieve its objectives by syn-
thesizing and comparing the findings from relevant rando-
mized controlled trials (RCTs) while also acknowledging
the limitations of the existing evidence. Additionally, it

seeks to identify future research needs in the field of TIs
for MS.

Methods

Aims

The objective of this review is to conduct a systematic
review and meta-analysis (SRMA) to estimate the effective-
ness of TIs on QoL of individuals with MS.

Methodology

This SRMAadhered to themethodological guidelines outlined
in theCochraneHandbook,27 aswell as the reporting standards
set by the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis Protocols (PRISMA-P).28,29 These
established frameworks were followed to ensure the rigorous
and transparent execution of the review process. The
PROSPERO ID for this study is CRD42023450081. It is
important to note that this study is part of RHS’s grant,
which has been approved and registered at TUMS under the
registration number 1401-4-160-63983.

Criteria for study selection

Inclusion criteria. This SRMA includes RCTs that examine
the impact of TIs on outcomes related to MS, such as QoL,
fatigue, and depression. There are no restrictions regarding
the age or sex of the patients included in the studies.
Published articles in any language will be considered, as
long as they have full English abstracts.

The PICO components based on the questions in the
present study are as follows:

P (Population): Patients with a confirmed diagnosis of MS.
I (Intervention): Interactive and non-interactive interventions
(both synchronous and asynchronous) that are delivered by
healthcare providers will be included. Device-based interven-
tions such as stimulators, sensors, robots, and mechanical
devices (e.g. vibrators, cooling vests, and wheelchairs) will
be excluded. C (Comparison): The control group consists of
patients who have not received any interventions or have
not received TIs. O (Outcome): The primary outcome is
QoL, measured using questionnaires such as the Multiple
Sclerosis Impact Scale (MSIS), Hamburg Quality of Life in
Multiple Sclerosis (HAQUAMS), Short Form 36 (SF-36),
Short Form 12 (SF-12), EuroQol 5-Dimension (EQ-5D),
Assessment of Quality of Life (AQoL), World Health
Organization Quality of Life (WHOQOL), Leeds Multiple
Sclerosis Quality of Life Scale (LMSQoL), Multiple
Sclerosis International Quality of Life (MusiQoL),
Functional Assessment of Multiple Sclerosis (FAMS), Leeds
Multiple Sclerosis Quality of Life Scale (LEEDS QoL),
Quality of Well-Being (QWB), and Multiple Sclerosis
Quality of Life-54 (MSQOL-54).30–34

2 DIGITAL HEALTH



Exclusion criteria

1. Duplicate and redundant publications: If a study has
been published in multiple journals, only the most
recent and complete version will be included.

2. Exclusion of certain publication types: Narrative
reviews, book chapters, opinion pieces, letters, and
any other publications lacking primary data or explicit
method descriptions.

3. Availability of required findings: Studies that do not
provide the necessary findings for SRMA.

4. Studies that include populations other than MS patients
or have mixed populations.

Data sources and search strategy

A comprehensive search will be conducted in the following
electronic databases: PubMed, SCOPUS, EMBASE, ISI
Web of Science, EBSCO, and the Cochrane Central
Register of Controlled Trials (CENTRAL). The search will
include articles published from 1997 to June 2023. There
will be no restrictions on language, ensuring that a wide
range of studies are included in the review.

In addition to the databases mentioned, other resources
will be utilized to identify relevant studies for the review.
These resources include:

Reference lists: The reference lists of relevant primary
studies and related reviews will be examined to identify add-
itional studies that may be relevant to the research question.

Gray literature resources: Google Scholar, Open Grey,
ProQuest, and Scopus will be searched for gray literature
publications that may not be indexed in traditional data-
bases. Contacting experts in the field and conferences
paper will also be undertaken to gather additional informa-
tion. Protocol databases such as ClinicalTrials.gov,
International Standard Randomized Controlled Trial
Number (ISRCTN), and The WHO International Clinical
Trials Registry Platform (ICTRP) will be searched for
ongoing or unpublished studies.

The search terms will include multiple sclerosis, tele-
health, and QoL. Table 1 outlines the search strategy uti-
lized for PubMed. It presents a summary of the search
terms and keywords used to identify pertinen studies inves-
tigating the impact of TIs on QoL in individuals with MS.

Screening procedures of eligible studies

After conducting the systematic search, the obtained results
will be imported into Endnote software version X7. The
software will be used to identify and remove any duplicate
articles, ensuring that each study is considered only once in
the review process. In the screening phase, two reviewers
(RHS and MD) will independently screen the titles and
abstracts of the articles based on the predefined inclusion
criteria. This process aims to identify potentially eligible

articles for further evaluation. For the titles and abstracts
that meet the inclusion criteria, the corresponding full-text
articles will be obtained. These full-text articles will then
be independently assessed by the reviewers to determine
if they meet all the inclusion criteria for the SRMA. Any
discrepancies or disagreements between the two reviewers
during the screening and assessment process will be
resolved through consensus. Both reviewers will discuss
and reach an agreement on the inclusion or exclusion of
the article. However, if a consensus cannot be reached, a
third author (RN or LS) will independently assess the
article and provide the final decision. These measures will
be implemented to maintain a rigorous and unbiased selec-
tion process, minimizing potential bias during the study’s
selection phase. The plan for study screening and selection,
including the process study, will be outlined in Figure 1.

Assessment of risk of bias

Two authors will independently assess the methodological
quality of all full-text manuscripts included in the review,
following the current guidelines from the Cochrane
Handbook for evaluating the risk of bias in included
RCTs.27,35 The quality of RCTs will be assessed across
five domains: selection bias, performance bias, detection
bias, attrition bias, and reporting bias. In case of any incon-
sistencies, they will be resolved through consensus between
the two reviewers. If a disagreement persists, the opinion of
a third expert (LS) will be sought to make a final determin-
ation. The risk of bias will be categorized as high, low, or
unclear based on the available data and level of certainty.

Data extraction

Two authors (RHS and MD) will perform data extraction
using a pre-designed form that outlines the relevant infor-
mation about the study, including its objectives, primary
and secondary outcomes (fatigue and depression, if they
were assessed in the included studies), sample characteris-
tics, intervention details, follow-up duration, analysis
methods, critical appraisal information, intervention effect-
iveness, and study limitations. Any discrepancies during the
data extraction process will be resolved using the
consensus-based approach mentioned earlier.

If the required data is not available in the included
studies, attempts will be made to collect the data using
tools like Webplotdigitizer or by contacting the correspond-
ing authors for the missing information. If the authors do
not respond after three attempts, the study will be excluded
from the review.

Missing data management

Missing or unclear data will be addressed by attempting to
contact the authors via email to obtain the necessary
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information. The available data will be analyzed, and sensi-
tivity analysis will be performed to assess the robustness of
the results. This analysis will help evaluate the impact of
the missing or uncertain data on the overall findings of the
study.

Strategy for data synthesis and statistical software

Descriptive statistics will be computed using SPSS 16
(IBM Company, Chicago, IL, USA) to present the char-
acteristics of the included references, such as information
on the authors, publication year, population, interven-
tions, and settings. Due to the variability in study
design, methods, and outcome measures, the primary
approach for data synthesis will be narrative or
descriptive.

The meta-analysis will be based on the mean differences
and their standard deviations of QoL. Effect sizes will be
calculated using Cohen’s d statistic,36 In cases where the
standard deviation is not reported directly, the method

proposed by Hozo et al.37,38 will be employed to estimate
the standard deviation based on the available results from
the articles. A meta-analysis will be conducted using
random-effects models if applicable to calculate the
overall effect size while accounting for heterogeneity
between studies. This approach considers variations
across the included studies and provides a robust estimation
of the treatment effect.39 Heterogeneity will be assessed
using the I2 statistic, with values higher than 50% indicating
high heterogeneity, and the Q-test, with values less than
0.05 indicating significant heterogeneity.40 Publication
bias will be assessed using statistical tests such as Egger’s
and Begg’s tests which will visualize in a funnel plot.41

Sensitivity analysis will be performed using the
leave-one-out method to examine the influence of individ-
ual studies on the overall results.42 All statistical analyses
will be conducted using STATA software (StataCorp)
version 14.2.

The Robvis (Risk-of-Bias Visualization) package will be
employed to generate Risk-of-Bias figures, providing a

Table 1. PubMed search strategy (to be adapted for the other databases).

Search Querya

#1 Search: (remote OR device OR reminder OR “text message” OR "smart" OR “e-learning” OR “smart home” OR “technology” OR
“wearable sensors” OR “sensor-based” OR DVD OR DVDs OR book* OR call* OR mail* OR conference* OR Computer* OR
internet* OR tablet* OR app OR Application* OR “Mobile Health” OR Web OR “mHealth” OR “eHealth” OR “RPM” OR “remote
patient monitoring” OR “remote health monitoring” OR “telemonitoring” OR “m-health” OR Telemedicine OR
“Telemedicine"[Mesh] OR “Home care services"[Mesh] OR “Telerehabilitation"[Mesh] OR “Telenursing"[Mesh] OR “Remote
consultation"[Mesh] OR “Community medicine"[Mesh] OR telemed* OR tele* OR telenurs* OR “home environment” OR
“home monitor” OR “home monitoring” OR telecommunication* OR “mobile health” OR telerehabilit* OR “telecare” OR
“tele-care” OR “tele-home” OR “telehome” OR “e-health” OR “e health” OR “tele-health” OR “telehealth” OR “remote
assessment” OR “remote treatment” OR “remote consultation” OR telemonitor* OR “Cellular phone"[Mesh] OR
“Photography"[Mesh] OR photograph* OR “Image processing"[Mesh] OR “image processing” OR “imaging” OR “video
consultation")

#2 Search: (“Multiple Sclerosis” OR “Multiple Sclerosis+” OR “Myelitis” OR “Myelitis Transverse” OR “Demyelinating Autoimmune
Diseases CNS” OR multiple N6 Sclerosis OR “chariot disease” OR “disseminated sclerosis” OR “insular sclerosis” OR
“Multiple Sclerosis"[MESH])

#3 Search: (“Quality of life” OR “Quality of Life"[Mesh] OR “Life Quality” OR “Health-Related Quality Of Life” OR “Health Related
Quality Of Life” OR HRQOL OR QOL OR “Multiple Sclerosis Impact Scale” OR MSIS* OR “Impact Scale” OR EuroQol* OR EQoL*
OR MSQOL* OR AQoL* OR HAQUAMS* OR WHOQOL* OR MusiQoL* OR “Functional Assessment of Multiple Sclerosis” OR
FAMS* OR “SF-36” OR “Short Form 36” OR “Eshort form 36” OR sf36 OR “sf 36” OR “short form 36” OR “shortform 36” OR “sf
thirtysix” OR “sf thirty six” OR “shortform thirtysix” OR “shortform thirty six” OR “short form thirty six” OR “short form
thirtysix” OR “short form thirty six” OR “SF-6” OR “short form-6” OR “short form 6” OR “short-form six” OR “sf12” OR “sf 12”
OR “short form 12” OR “shortform 12” OR “sf twelve” OR sftwelve OR “shortform twelve” OR “short form twelve” OR sf16 OR
“sf 16” OR “short form 16” OR “shortform 16” OR “sf sixteen” OR sfsixteen OR “shortform sixteen” OR “short form sixteen” OR
sf20 OR “sf 20” OR “short form 20” OR “shortform 20” OR “sf twenty” OR sftwenty OR “shortform twenty” OR “short form
twenty” OR “EQ-5D” OR EQ5D OR “EQ 5D” OR “EuroQoL-5D” OR “EuroQoL 5D” OR “Multiple Sclerosis Impact Scale” OR MSIS
OR “EuroQoL-five dimensions” OR “EuroQoL five” OR WQOL OR “quality of wellbeing” OR “quality of well being” OR QWB)

#4 Search: (#1) AND (#2) AND (#3)

Note. aAs it was discovered during the initial search that some studies did not refer to the QoL or TIs in their titles and abstracts, a revised search approach was
developed, focusing on the full text of the articles to ensure a comprehensive range of studies is included in the review.
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visual representation of the assessment of bias in the
included studies.43

Validity, reliability, and rigor

We will strive to utilize the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
approach to generate a summary of findings. Additionally,
our SRMAwill adhere to the reporting and design criteria out-
lined in the Cochrane Handbook,27 and the protocol was
developed following the PRISMA-P guidelines28,29 to
ensure the integrity, validity, and reliability of the study.

Discussion
The field of telehealth has experienced significant growth
due to technological advancements and offers promising
opportunities for healthcare.44 Given that MS often occurs
at a young age and individuals with MS are familiar with
technology, studying TIs in this population is crucial to
understanding their effectiveness in meeting the specific
needs of these patients and improving their healthcare out-
comes.45 Although various TIs have been explored in
recent studies, there is a lack of systematic research on
their value in the context of MS. A previous review con-
ducted in 2018 discussed the potential and utility of tele-
medicine for individuals with MS, their families, and

caregivers. However, this research was not systematic and
did not focus on interventions in this field. Therefore, to
the best of our knowledge, this SRMA will be the first of
its kind, aiming to fill this gap and provide valuable insights
into TIs for individuals with MS.8,46,47

Despite the widespread implementation of TIs targeting
well-being and QoL in MS clinical trials, their overall
effectiveness remains uncertain. Therefore, this review
seeks to provide evidence-based insights into whether TIs
can lead to positive outcomes for individuals with MS.
By synthesizing and combining data from various research
studies, this SRMA will contribute to the existing body of
knowledge on TIs in MS. The comprehensive analysis of
reliable data will offer valuable insights to professionals
in health services, public health, and public policy. Such
evidence will not only contribute to the development of effi-
cient guidelines but also aid in the adoption of appropriate
strategies for educational programs. Also, it will assist
researchers, nurses, and clinicians in making informed deci-
sions regarding the selection of efficient TIs tailored to indi-
vidual MS outcomes.

List of abbreviations
TI Telehealth Intervention
MS Multiple Sclerosis
SRMA Systematic Reviews and Meta-Analysis

Figure 1. Plan of study screening and selection process.
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QoL Quality of Life
PRISMA-P Preferred Reporting Items for Systematic review

and Meta-Analysis Protocols
CENTRAL Cochrane Central Register of Controlled Trials
ISRCTN International Standard Randomized Controlled
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ICTRP International Clinical Trials Registry Platform
RCT Randomized Control Trial
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