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COMMENTARY
When the WHO first undertook a world-
wide programme looking into the mortal-
ity associated with 135 diseases in 1990,
cerebrovascular disease or stroke was
ranked as the second leading cause of
mortality.1 Further studies carried out by
the WHO in 20012 estimated that stroke
accounts for nearly 9.6% of all mortality
and that it is indeed a major disease
leading to disability and a corresponding
reduction in the quality-of-life globally.2

More recently, statistics released by the
Centers of Disease Control and
Prevention (CDC) in the USA have high-
lighted that in that country, stroke
accounts for approximately 1 in every 20
deaths.3 Given these alarming statistics,
there has been much public health effort
to reduce the incidence of the disease.
Along with advances in technology and
the growing number of web resources,
innovations have increasingly been uti-
lised to provide medical professionals,
allied health professionals as well as the
general public with more information
about cerebrovascular diseases, and
efforts are being made to help better
manage the condition.
Divyanshu et al4 recently undertook a

review of the various stroke-related
resources in the application stores. They
identified various tools currently available
in the application stores, which included
applications that provide general infor-
mation; applications that provide infor-
mation about recent research and
advances; various toolkits that could
either be used by patients or by health-
care professionals; as well as other aware-
ness and support group applications.4

The variety of current cerebrovascular-
related applications available appeared to
be holistic enough and could potentially
augment various public health initiatives
launched by local governments. Of note,

their analysis showed that there was a sig-
nificant difference in scientific validity,
with most of the applications targeted for
the general population being not scientif-
ically validated.4 In addition, an alarming
87% of these applications not supported
by evidence have been rated to be useful
by the general public. These concerns
about the quality of information provided
to the public and the robustness of the
scientific merit of these smartphone
applications are not limited to stroke and
have been raised by Zhang et al5 in their
review of educational-related applications
for Psychiatry. In addition, Zhang et al5

also made recommendations for clinicians

Figure 1 Overview of the functionality of the
Stroke Support Station (S3) stroke survivor
application.
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and educators to be more involved and previously
shared two methodologies regarding how medical
doctors could participate in application
development.6 7

Sureshkumar et al8 recently described how their
‘Care for Stroke’ application could potentially help
stroke survivors suffering from physical difficulties. In

Figure 2 Demonstration of how patients could keep a record
of their international normalised ratio counts.

Figure 3 Demonstration of the pill reminder system integrated
into the applications. All guidelines and recommendations in
the application are based on evidence-based protocols.

Figure 4 Hospital Anxiety and Depression Scale Questionnaire
that stroke survivors could take to gauge their levels of
depressive and anxiety symptoms.

Figure 5 Overview of the caregiver application.
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their paper, they described their methodology for for-
mulating and developing their application. Their
efforts regarding conceptualisation and implementa-
tion of such a smartphone application for rehabilita-
tion show that clinicians do have the capacity to
design evidence-based tools for their patient cohort.
However, it seems that the authors approached the
problem of stroke from merely a rehabilitation point
of view. In Singapore, the incidence of cerebrovascular
disease is rising, with patients suffering significant
morbidity after stroke.9 Stroke Support Station (S3) is
a voluntary charity organisation recently set up in
Singapore to meet the needs of stroke survivors in
terms of rehabilitation and beyond. S3 aims to
provide activities to help not only stroke survivors,
but also their caregivers. A previous literature review
highlighted the tremendous burden of stress that care-
givers of stroke survivors face,10 and stressed that
there is a current lack of evidence-based programmes
aimed at reducing the stresses associated with caring
for stroke survivors.
The authors have conceptualised the development

of three applications, namely the S3 stroke survivor

Figure 6 Overview of the functionality of the Stroke Support
Station (S3) caregiver application.

Figure 7 An example from the Caregiver Burden
Questionnaire.

Figure 8 Automated computations of score and appropriate
advice will be given so caregivers can seek help when required.
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application, the S3 caregiver application as well as the
S3 rehabilitation application. It is hoped that these
smartphone applications, which are built on an evi-
dence base, would help not only in the rehabilitation
of stroke survivors, but also to reduce the burden for
caregivers of stroke survivors. The S3 stroke survivor
application features the innovative visual pill tracker,11

which the authors previously developed and imple-
mented for patients with mood disorders. In addition,
the application also enables stroke survivors to track
their international normalised ratio, which is a critical
value that patients need to monitor, especially if they
are on anticoagulants such as warfarin. The applica-
tion also provides evidence-based information about
the common medications prescribed poststroke and
diabetic monitoring, and recommendations on man-
agement of blood pressure and lipids.12 Psychiatric
comorbidities such as depressive disorders13 are
common for post-stroke survivors and, hence, a visual
mood tracker has been included, in order to enable
stroke survivors to track their daily mood. The design

of the mood tracker emulates that of a visual analogue
scale, which renders it easy for stroke survivors to use.
Lastly, stroke survivors are also able to make use of
validated questionnaires, such as the Hospital Anxiety
and Depression Scale (HADS) questionnaire, to
monitor their levels of depression and anxiety
in-between consultations (figures 1–4; see online
supplementary video 1). In addition, the current
application is available in different languages to cater
to non-English speaking individuals.
Given the high incidence of care-giving stress, the

S3 care-giver application aims to provide evidence-
based information to care-givers to help them manage
their loved ones/stroke survivors. The information
ranges from basic principles of care-giving to exercises
care-givers can help loved ones perform, and how to
manage issues such as feeding and incontinence.
Mindfulness-based exercises are an integral compo-
nent of the application as well, as these could poten-
tially help to reduce caregiver burden and stress.
Questionnaires such as the care-giver stress index have

Figure 9 Demonstration of the Stroke Support Station (S3) rehabilitation application with active movement tracker.
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been included as well to track care-giver burden and
to advise care-givers to seek help if their scores are
high (figures 5–8).
Apart from designing applications to help with the

medical and psychiatric well-being of stroke survivors
as well as their care-givers, it is also essential to
provide applications to help stroke survivors in their
rehabilitation programme. A recent publication by
Sureshkumar et al,8 has included pictures as well as
videos of exercises that patients with stroke can
perform. It is also of importance for the physiotherap-
ist involved in the care of the stroke victim to keep
track of his or her progress. Hence, the S3
Rehabilitation application has been conceptualised
and developed for the IOS as well as Android plat-
forms. In this application, stroke survivors can view
what type of exercises or activities they can participate
in. Caregivers can help stroke survivors to wear their
smartphones while exercising to log their rehabilita-
tion progress (figures 9 and 10; see online
supplementary video 2). The smartphone application

has been designed to keep track of the absolute
number of movements, as well as the acceleration of
the movement made. It is hoped that this will help the
physiotherapist to have a more objective record of
how the patient has been progressing outside of the
time allocated for clinical assessment and
management.
It is thus hoped that the appropriate use of technol-

ogy would help in the recovery process for stroke sur-
vivors. In addition, it is hoped that technology would
also enable caregivers to have better knowledge about
how best to help their loved ones, while keeping track
of their own mental well-being, given that caregiving
is an inherently stressful job.

Twitter Follow Melvyn Zhang at @melvynzhang
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Figure 10 Example of Log Records of exercises that the patient has taken part in.
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their reintegration in the community in terms of their mastery
of their life skills and community mobility.

Competing interests None declared.

Provenance and peer review Not commissioned; internally peer
reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in
accordance with the Creative Commons Attribution Non
Commercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different
terms, provided the original work is properly cited and the use
is non-commercial. See: http://creativecommons.org/licenses/by-
nc/4.0/

REFERENCES
1 Murray CJL, Lopez AD. The global burden of disease: a

comprehensive assessment of mortality and disability from
diseases, injuries, and risk factors in 1990 and projected to
2020. Extracted from http://apps.who.int/iris/bitstream/10665/
41864/1/0965546608_eng.pdf, last (assessed 31 Aug 2015).

2 Thomas T, Stephen B, Colin M. The global burden of
cerebrovascular disease. http://www.who.int/healthinfo/
statistics/bod_cerebrovasculardiseasestroke.pdf Last (assessed 3
Aug 2015).

3 Stroke Statistics and Maps. Centers fro Disease Control and
Prevention. http://www.cdc.gov/stroke/statistics_maps.htm, last
(assessed 8 Aug 2015).

4 Divyanshu D, Amod A, Anshudha S, et al. Smartphone
applications as a source of information on stroke. J Stroke
2014;16:86–90.

5 Zhang MWB, Ho CSH, Cheok CCS, et al. Bringing
Smartphone Technology into undergraduate and postgraduate
psychiatry. BJPsych Advances 2015;21:222–8.

6 Zhang M, Cheow E, Ho CS, et al. Application of low-cost
methodologies for mobile phone app development. JIMR
Mhealth and Uhealth 2014;2:e55.

7 Zhang MW, Tsang T, Cheow E, et al. Enabling psychiatrists
to be mobile phone app developers: insights into app
development methodologies. JIMR Mhealth and Uhealth
2014;2:e53.

8 Sureshkumar K, Murthy GV, Munuswamy S, et al. ‘Care for
Stroke’, a web-based smartphone-enabled educational
intervention for management of physical disabilities following
stroke: feasibility in the Indian context. BMJ Innov
2015;1:127–36.

9 Venketasubramanian N, Chen CL. Burden of stroke in
Singapore. Int J Stroke 2008;3:51–4.

10 Camak DJ. Addressing the burden of stroke caregivers:
a literature review. J Clin Nurs 2015;24:2376–82.

11 Zhang MW, Ho RC. Mental health wellness application:
a new toolkit for psychological wellness. BMJ Innov 2015;
1:204–5.

12 Kerman WN, Ovbiagele B, Black HR, et al. Guidelines for the
prevention of stroke in patients with stroke and transient
ischemic attack: a guideline for healthcare professionals from
the American Heart Association/American Stroke Association.
Stroke 2014;45:2160–236.

13 McCarthy MJ, Sucharew HJ, Alwell K, et al. Age, subjective
stress and depression after ischemic stroke. J Behav Med
Published Online First: 6 Aug 2015. doi:10.1007/s10865-015-
9663-0

COMMENTARY

150 Zhang MW, et al. BMJ Innov 2015;1:145–150. doi:10.1136/bmjinnov-2015-000078

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2015-000078 on 20 O

ctober 2015. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://apps.who.int/iris/bitstream/10665/41864/1/0965546608_eng.pdf
http://apps.who.int/iris/bitstream/10665/41864/1/0965546608_eng.pdf
http://www.who.int/healthinfo/statistics/bod_cerebrovasculardiseasestroke.pdf
http://www.who.int/healthinfo/statistics/bod_cerebrovasculardiseasestroke.pdf
http://www.who.int/healthinfo/statistics/bod_cerebrovasculardiseasestroke.pdf
http://www.cdc.gov/stroke/statistics_maps.htm
http://www.cdc.gov/stroke/statistics_maps.htm
http://dx.doi.org/10.5853/jos.2014.16.2.86
http://dx.doi.org/10.1192/apt.bp.114.013649
http://dx.doi.org/10.2196/mhealth.3549
http://dx.doi.org/10.2196/mhealth.3549
http://dx.doi.org/10.2196/mhealth.3425
http://dx.doi.org/10.1136/bmjinnov-2015-000056
http://dx.doi.org/10.1111/j.1747-4949.2008.00181.x
http://dx.doi.org/10.1111/jocn.12884
http://dx.doi.org/10.1136/bmjinnov-2015-000054
http://dx.doi.org/10.1161/STR.0000000000000024
http://dx.doi.org/10.1007/s10865-015-9663-0
http://dx.doi.org/10.1007/s10865-015-9663-0
http://dx.doi.org/10.1007/s10865-015-9663-0
http://innovations.bmj.com/

	Harnessing smartphone technologies for stroke care, rehabilitation and beyond
	Commentary
	References


