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Background: A fundamental gap between clinical prevention and self-management awareness heightens 
the risk for stroke recurrence in approximately one-fourth of the highest risk stroke survivors annually. 
Secondary stroke prevention has the potential to be promoted by mobile health (mHealth) applications 
for effective real-world adoption of vascular risk factor mitigation. This scoping review aims to evaluate 
the impact of mHealth interventions and their effectiveness to reduce recurrent stroke rates among stroke 
survivors in randomized controlled trials (RCTs).  
Methods: Scoping review in Ovid Medline, Cochrane Library, CINAHL, and Scopus for RCT literature 
employing mHealth among stroke populations published in English from 2010 to November 19, 2020. Small 
or pilot studies that included randomized design were included.
Results: A total of 352 abstracts met inclusion criteria; 31 full-text articles were assessed and 18 unique 
RCTs involving 1,453 patients ultimately fulfilled criteria. Twelve of 18 met the pre-defined primary 
outcome measure, including 2 studies evaluating feasibility. Eight of 18 only addressed recovery from index 
stroke deficits. Most outcomes focused on self-reported functional status, mood, quality of life or compliance 
with intervention; primary outcome was an objective metric in 4/18 (blood pressure readings, step number, 
obstructive sleep apnea support compliance). Intervention duration 2–12 months, with a median 9 weeks.
Conclusions: No high-quality evidence supporting mHealth applications to reduce recurrent stroke 
was found in this scoping review. Overall, most studies were relatively small, heterogenous, and employed 
subjective primary outcome measures. mHealth’s potential as an effective tool for stroke stakeholders to 
reduce recurrent stroke rates has not been sufficiently demonstrated in this review. Future randomized 
studies are needed that explicitly evaluate stroke recurrence rate.
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Introduction

At least one quarter of the approximately 800,000 strokes 
that occur annually in the United States are recurrent 
events, with the highest risk of recurrence or death from 
vascular events within the first 3 months after index 
stroke (1-3). Recurrent stroke is typically defined as a new 
focal neurological deficit otherwise meeting the standard 
definition of stroke that occurs at least 24 h following 
clinical stability of index stroke (4). Ninety percent of 
recurrent strokes are preventable through adequate control 
of vascular risk factors (3,5), yet most studies continue 
to show ineffective management of stroke survivors’ 
underlying hypertension, hyperlipidemia, diabetes, and 
physical activity (5). Thus, despite compelling evidence 
supporting secondary prevention, a fundamental gap 
prevails between real-world adoption of vascular risk factor 
mitigation strategies and those recommended by stroke 
prevention health guidelines (6).

Multiple barriers have been recognized to explain these 
grim statistics, including a lack of motivation and effective 
self-management models, sedentary behavior, untreated 
mood dysfunction, and inadequate stroke health education 
(7-13). As many as 40% of stroke patients in the United 
States were unable to verbalize at least one risk factor 
for recurrent stroke. This considerable lack of awareness 
hampers self-management efforts and reduces adherence to 
secondary prevention (14).

Although mobile health (mHealth) applications are 
related to a broad range of interventions and lack a 
universally accepted definition, the digital health division 
of the World Health Organization defines mHealth as the 
“medical and public health practice supported by mobile 
devices, such as mobile phones, patient monitoring devices, 
personal digital assistants, and other wireless devices” 
(15,16). Mobile devices are facilitating the development 
of new telecommunication tools aimed at improving 
compliance in healthcare, and mHealth applications can 
be designed to provide real-time feedback to the user, 
allow individualized content and access to information 
about disease prevention, and facilitate social support (17). 
Therefore, mHealth may be an underutilized strategy in 
secondary stroke prevention.

Mobile applications can also improve compliance 
with treatment guidelines, provide disease risk/outcome 
information, and increase administrative efficiency (18). 
mHealth has also been reported to be advantageous in 
changing health behaviors, such as medication adherence, 

achieving exercise goals, and reducing anxiety to improve 
health outcomes in patients with chronic disease (19-21).

This study examines the available high-quality evidence 
as defined by randomized controlled trials (RCTs) of 
mHealth interventions and their ability to reduce recurrent 
stroke rates among stroke survivors. Maintaining healthy 
behaviors over the long term is one of the most challenging 
aspects to chronic disease, and mHealth technologies may 
represent a flexible and user-friendly solution to prevent 
stroke recurrence over the patient’s lifetime. We present 
the following article in accordance with the PRISMA-ScR 
reporting checklist (available at https://mhealth.amegroups.
com/article/view/10.21037/mhealth-21-27/rc). 

Methods

We conducted a literature search for publications in Ovid 
Medline (2010–present), Cochrane Library (2010–present), 
CINAHL (2010–present), and Scopus (2010–present) 
for RCTs employing mHealth among secondary stroke 
populations. A search query was constructed in Medline 
around the concepts of mHealth (including mobile health, 
telehealth, telemedicine, and mobile and smartphone apps) 
and secondary stroke. We defined mHealth as the practice 
of medicine supported by portable diagnostic devices 
to provide services that facilitate health prevention and 
intervention via short-messaging-service (SMS), smartphone 
applications, handheld-imaging platforms, wearable devices, 
and miniaturized sensor-based technologies (22). Keywords 
and medical subject headings were both used in the query, 
and the search was then adapted for use in the other 
databases (see Appendix 1 for full Medline search strategy). 
All databases were searched from inception to November 
19, 2020, with no limits applied to the search. We examined 
the reference lists of all included studies, and duplicates 
were removed. 

The literature was screened for studies among adult 
patients with previous stroke that were published in the 
English language between 2010 and 2020. Studies prior 
to 2010 were excluded due to their lack of relevance in 
the technology-dependent field of mHealth. Studies were 
included if they reported the findings of RCTs employing 
mHealth strategies for secondary stroke prevention. 
Small or pilot studies were included provided they were 
of randomized design. Alternative (e.g., observational) 
study designs were excluded. Likewise, commentaries, 
letters to the editor, published protocol descriptions, 

https://mhealth.amegroups.com/article/view/10.21037/mhealth-21-27/rc
https://mhealth.amegroups.com/article/view/10.21037/mhealth-21-27/rc
https://cdn.amegroups.cn/static/public/mHealth-21-27-Supplementary.pdf
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nonhuman studies, and findings only published in abstract 
form, conference proceedings, or as a master’s thesis or 
dissertation were also excluded. Interventions targeting 
healthcare professionals or that monitored patient data only 
were excluded.

Titles and abstracts were screened independently against 
the inclusion criteria by two authors (AA, TH). Each 
record was screened independently, with disagreements 
resolved through discussion and consensus. Full-text 
articles were screened by the authors (AA, TH) for final 
decisions regarding inclusion, with disagreement resolved 
by consulting a third author (CE). Information from each 
included article was organized using a structured form, 
including study design, pilot status, number of participants, 
study population, delivery agent, intervention, prespecified 
primary outcome, and results reported. The risk of bias 
was assessed by two authors independently (AA, TH). 
Publication bias of RCTs previously identified by Cochrane 
as bias risks are selection bias, performance bias, detection 
bias, attrition bias, reporting bias, among other less 
common causes (23).

Results

Our scoping literature review identified 352 abstracts, of 
which six were duplicates, two were written in languages 
other than English, and 43 were published prior to 2010. 
Two authors (TH, AA) reviewed the remaining 301 
abstracts. The most common reason for exclusion was not 
an RCT (143 abstracts), followed by review article [69], 
RCT protocol only [34], studied intervention was not 
mHealth [18], or population studied was not stroke [6].

Thirty-one full-text articles were reviewed. Among those, 
13 were excluded for the following reasons: duplication 
(2 abstracts), not an RCT [6], conference proceedings [1], 
and trial description only [4]. A total of 18 unique RCTs 
involving 1,453 patients fulfilled the criteria after full review 
(Figure 1).

The included studies were among diverse populations 
worldwide and included seven studies in Europe; three 
studies in the United States; two studies in each of China, 
Taiwan (China), and Africa (Ghana, Nigeria); and one 
study from each of Australia, Pakistan, and South Korea. 
Details of each study are included in Table 1. Eight studies 
enrolled participants with subacute stroke (as defined by  
<6 months of index stroke) (24-31), and 10 studied 
individuals with chronic stoke (21,32-40). Only two studies 
exclusively enrolled patients with ischemic stroke (IS) 

(25,29), with the remaining 16 studies including participants 
with a history of IS or hemorrhagic stroke. The length of 
the studies varied from two weeks to 12 months, with a 
median study duration of nine weeks. Interventions were 
diverse and included an mHealth interface of one-way 
communication tailored to the individual participants in 
four studies (27,31,35,36), a robotic-assist device in one 
study (28), a preloaded app or virtual reality program 
for smartphones or tablets in four studies (25-27,30), an 
interactive intervention (as defined by within-participant 
group communication) in two studies (21,38), a two-
way audiovisual telehealth intervention in six studies 
(24,26,30,32,33,40), and a combination of a preprogramed 
app and telehealth (two-way) interaction in 9 studies 
(24-26,28-30,32,33,40). Six studies incorporated some 
form of one-way interaction (e.g., SMS education or 
reminders) (31,34-38), and six incorporated some form of 
telemonitoring or objective biometrics (21,24,29,31,33,39). 
E i g h t  s t u d i e s  t a r g e t e d  s t r o k e  d e f i c i t  r e c o v e r y 
(cognitive, physical, behavioral medicine rehabilitation)  
(24-26,30,32,33,39,40), eight addressed vascular risk 
factors (exercise, blood pressure, obstructive sleep apnea, 
depression, health goals) (21,27,29,31,35-38), and seven 
rated overall functioning and other psychosocial scores as 
primary or secondary outcomes (24,27,28,30,32,33,40). No 
RCT data with a primary or secondary outcome of reduced 
recurrent stroke rates was found.

The risk of bias in RCTs was rated as low by the by the 
Cochrane Collaboration tool; however, all of the reported 
studies were vulnerable to selection and performance bias 
inherent to any study involving mHealth. Many (8/18) 
(21,25,26,30,31,33,36,40) of the reported studies were pilot 
or feasibility studies and thus were not powered for efficacy.

Three studies reported acceptable levels of feasibility 
(25,31,36), and in 10 studies, the primary outcome was 
achieved (21,24,25,29,30,32,33,35,36,39). The only 
study to employ a robotic-assist mHealth intervention 
failed to demonstrate improvement in the experimental  
group (28). However, the prespecified outcomes were 
quality of life (QOL)/self-rated depression scores, and both 
the control and experimental groups received the same 
amount of weekly human encouragement and engagement 
by study personnel. These interactions may have influenced 
participants’ (regardless of robotic-assist device use) 
depression and QOL perceptions. Overall, the majority 
of studies achieved their primary outcome, and most 
demonstrated improvement in psychosocial domains (i.e., 
depression, QOL, and overall functional status).
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Discussion

The burden of cerebrovascular disease is only expected 
to grow given the combination of our graying population 
and recent advances in acute stroke treatments leading 
to increased survival rates (41). Therefore, there is an 
urgent need to identify effective therapies to reduce 
recurrent stroke among those at high risk of additional 
cerebrovascular injury.

mHealth has been touted as a potential tool to reduce 
stroke recurrence by improving vascular risk factor profiles 
using widely available technology. However, it remains to 
be seen if this potential has been realized as demonstrated 
in robust clinical trials. The purpose of this review was 
to assess the application of mHealth interventions for 
secondary stroke prevention among published studies of 
randomized design.

Overall, this scoping review revealed very limited high-
quality evidence supporting mHealth applications to reduce 
the risk of recurrent stroke among stroke survivors. This 
finding echoes previous reviews published in 2016 (42,43). 
Published evidence lags behind clinical implementation 

of an emerging tool such as mHealth, and rigorously 
designed large trials are likely ongoing (ClinicalTrials.gov 
Identifier: NCT04000971). However, it is still notable that 
no new studies were identified in the ensuing four years. 
Further, none of the included studies identified reduction 
in recurrent stroke rate as their primary outcome measure. 
Although improving vascular risk factors (e.g., decreasing 
blood pressure, addressing depression, treating sleep 
apnea, or increasing physical activity) can all be inferred 
as targeting recurrent stroke risk, most RCTs reported 
in this review identified explicit recovery from the index 
cerebrovascular event as the primary focus of their mHealth 
intervention. Among the studies focused on improvement 
in motor, speech, or cognitive deficits following stroke, 
most reported improvements in psychosocial outcomes 
in the experimental groups. Depression is an established 
independent risk factor for vascular events and death  
(44-46); therefore, strategies aimed at its mitigation are 
likely to contribute to an overall reduction in recurrent 
stroke (47,48).

There was diversity in the types of interventions used 
for secondary stroke prevention utilizing mHealth. Many 
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studies included using a novel mHealth application designed 
for the current study (27,28,30,32,39). Fewer studies used 
SMS or other bidirectional communication applications 
(31,32,35-37). A few studies used video as a means of patient 
monitoring and bidirectional communication (29,30,32,40). 
Other sources of intervention delivery were through remote 
patient metric monitoring (21,29,33), telerehabilitation 
delivery device (24,28), and patient or provider education 
delivery (34,36,38). The broad spectrum of intervention 
employed illustrates the complexity of conducting mHealth 
research among stroke populations. 

QOL and daily functioning are often identified as 
high-priority outcomes among stroke survivors (49,50). 
mHealth applications may be a reasonable tool to achieve 
positive QOL assessments as all included studies with 
QOL endpoints reported improvements in the participants 
receiving the active mHealth intervention. These findings 
must be balanced with the subjective nature of the 
assessments and the inability to blind participants, which 
both introduce response bias, and may reflect the overall 
beneficial effect of merely engaging a patient around their 
health in any form.

Durability and usability of any intervention are critical 
components of its effectiveness. The behavioral changes 
necessary to improve vascular risk factor management 
require motivation, a factor even more vulnerable to waning 
engagement. Long-term outcomes, therefore, will be 
important to demonstrate continued success of any given 
mHealth intervention and should be incorporated in study 
design. The studies reported in this review did not address 
any potential durability of any mHealth intervention as 
the assessments occurred over a range of two weeks to 
12 months, with a median of only nine weeks. No study 
reported follow-up beyond the immediate intervention 
period. Furthermore, most studies occurred in the chronic 
phase (>6 months from stroke event), well after the highest 
risk of stroke recurrence period has passed (1). All studies 
reported minimal issues related to usability. However, 
there is a selection bias considering that only patients who 
could operate the technology were included, and more 
than half of the studies (10) included some type of trouble-
shooting mechanism or periodic feasibility check-up. Apart 
from providing technical assistance, no study attempted 
to determine the kind or frequency of study participant 
engagement associated with a successful outcome.

While st i l l  developing,  the mHealth l i terature 
investigating the management of isolated vascular risk 
factors, such as smoking cessation, hypertension, or 

glycemic control, among populations with these conditions 
is more robust (51-53). mHealth has been proven to be 
an effective strategy to reduce glycosylated hemoglobin 
and improve smoking cessation or systolic blood pressure 
(54,55). However, it remains to be seen whether we can 
apply those results to a stroke patient who also has diabetes. 
Stroke is a multifactorial cumulative event; thus, reducing 
its recurrence is a complex proposition. Stroke survivors 
represent a heterogenous and clinically unique population, 
further emphasizing the difficulty of applying evidence 
derived from more narrowly defined clinical populations. 
Considering the complicated nature of the average stroke 
survivor, involving end-users in the development of a 
successful mHealth intervention to reduce recurrent stroke 
has been recommended, although rarely adopted (56-59).

The dearth of included studies as well as the incipient 
mHealth literature in general begs the question as to why 
mHealth remains understudied. Mobile technology has 
advanced rapidly, and its relative affordability has made 
it widely accessible to industry and the general public. 
Our ubiquitous reliance on cellular technology may 
have promoted the adoption of mHealth strategies at a 
rate faster than rigorous studies can be completed and 
published. In addition, the design of such studies is complex 
as they require tackling multiple vascular risk factors 
simultaneously (60,61). Other critical factors a successful 
mHealth intervention may need to address are low stroke 
health literacy and navigating the increasingly complicated 
post-acute healthcare landscape. Recruitment efforts may 
also be hampered by discouraging stroke survivors with 
little familiarity of the proposed technology or those who 
lack internet access. Limited broadband coverage has been 
proven to contribute to rural/urban health disparities and a 
decrease in mHealth use (62).

There are limitations to this qualitative review, and no 
secondary qualitative analysis was performed. The studies 
discussed were diverse in primary purpose and outcomes. 
This scoping review also did not review literature that 
included dissertations, recommendations, or conference 
proceedings, which could introduce bias as only peer-
reviewed, published RCTs were included. Therefore, this 
study is vulnerable to possibly missing useful findings 
reported in other formats or unreported results (e.g., RCTs 
demonstrating the null hypothesis). Overall, however, 
our approach is considered rigorous given that we only 
included RCTs, with their associated risk of bias being low. 
Given the nature of the intervention, subject blinding was 
not feasible. Nine studies identified subjective outcomes 
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(i.e., self-reported QOL, depression or functional status 
scores), potentially introducing performance bias. Enrolled 
populations were limited to those who could engage with 
and had access to the technology, creating a selection bias 
common to any implementation of mHealth. These latter 
factors limit the generalizability of any given mHealth 
intervention among a broader stroke population.

In summary, little high-quality evidence was found 
supporting mHealth that targeted stroke patients. Studies 
were heterogenous, lacked longitudinal follow-up, and 
involved a relatively small number of participants. While 
the majority of studies achieved their primary or secondary 
outcomes, many were purely subjective, and no single study 
identified secondary stroke prevention rate as the outcome 
measure of interest. Although mHealth may still prove to 
be a powerful way to address other clinically relevant targets 
(mood, daily living or functional outcomes), this lack of 
emphasis on secondary stroke prevention lays bare the gap 
in evidence addressing this population.

Consequently, systematically developing effective 
mHealth interventions is vital to harness the potential 
benefits of mobile technology as a healthcare surrogate. 
This review illustrates that mHealth for secondary stroke 
prevention remains understudied and also supports the 
critical need to design and complete RCTs utilizing 
different mHealth platforms with the specific aim to 
decrease recurrent stroke rates, especially in the highest 
risk period (<3 months post-stroke). If an appropriate 
tool or tools can be designed, tested, and implemented, 
the potential to impact stroke care and chronic disease 
management in general is immense.
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