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CHOW.mHealth interventions for exercise and risk factor modification in cardiovascular disease. Exerc. Sport Sci. Rev.,Vol. 47, No.
2, pp. 86–90, 2019. Exercise and lifestyle risk factor management are critical for the secondary prevention of cardiovascular disease but are
poorly adhered to. Mobile health interventions could enhance engagement; however, a one-size intervention approach cannot meet the needs
of all people. We hypothesize a unifying digital platform that enables choice from a suite of evidence-based programs will enhance access, de-
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Key Points

• Approximately 80% of coronary heart disease is caused by
physical inactivity and other modifiable risk factors. Inter-
ventions targeting lifestyle risk factor modification are among
the most effective but are poorly adhered to.

• Growing research evidence supports the effectiveness of mo-
bile health (mHealth) interventions for improving exercise,
physical activity, cardiorespiratory fitness, and other lifestyle
risk factors for the secondary prevention of heart disease.

• Despite their effectiveness, no single mHealth intervention
meets the needs of all people with heart disease. Current in-
terventions are disparate, and a new paradigm is needed to
consolidate access to evidence-based solutions and assist
people to choose from a range of delivery options that best
suit their individual needs.
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• Extending existing research, this paper describes a unifying
digital platform that helps participants choose from a suite
of evidence-based interventions designed to enhance access,
delivery, and engagement with programs for the secondary
prevention of heart disease.

INTRODUCTION
Cardiovascular disease, including coronary heart disease, is

the leading cause of death and disability globally (1). For people
with existing coronary heart disease, cardiac rehabilitation in-
volving exercise alongside other lifestyle changes, behavioral
support, adhering to prescribed medication regimens, and con-
trol of risk factors can reduce recurrent cardiac events and aid
recovery (2,3). Despite proven effectiveness, cardiac rehabilita-
tion participation rates as low as 20% (4) suggest that this
center-based delivery model—which has barely changed in re-
cent decades— may not meet the needs of many eligible indi-
viduals. Reasons underlying nonparticipation are complex, but
accessibility barriers such as limited availability of center-based
programs, domestic or occupational responsibilities, transport
restrictions or lack of parking, and geographic isolation all re-
duce participation (5).
THE ROLE OF TECHNOLOGY
Technology-based approaches offer potential to improve ac-

cessibility, delivery, and provision of secondary prevention inter-
ventions for people with coronary heart disease. For example,
telehealth— which uses information and communication tech-
nologies to facilitate interaction between patients and health-care
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providers— has been investigated as an option for improving the
delivery and accessibility of home-based cardiac rehabilitation. A
2016 systematic review of 11 telehealth-based exercise cardiac re-
habilitation trials (N= 1189) found that physical activity level was
higher after telehealth delivered exercise cardiac rehabilitation
compared with usual care (6). Compared with center-based ex-
ercise rehabilitation, telehealth was more effective for enhanc-
ing physical activity level, exercise adherence, diastolic blood
pressure, and low-density lipoprotein cholesterol. Telehealth
and center-based exercise rehabilitation were comparably effec-
tive for improving maximal aerobic exercise capacity and other
modifiable cardiovascular risk factors. Although these findings
support telehealth, research has been predominantly limited to
land-based telephone, Internet, and video-conferencing technol-
ogies that confine participants to fixed locations. As such, there
is a need to explore technologies that support greater program
flexibility. Increasingly, powerful mobile technologies such as
smartphones and wireless physiological sensors could extend
the capability of telehealth-based rehabilitation (6). Given their
ubiquity, mobile devices combined with the Internet offer un-
precedented opportunities to improve population health and
well-being by significantly increasing intervention reach, utili-
zation, and effectiveness.

Mobile health (mHealth) is a component of electronic
health and has been defined as medical and public health practice
supported by mobile devices, such as mobile phones, patient-
monitoring devices, or other wireless devices (7). mHealth
involves the use and capitalization on a mobile phone’s core
utility of voice and short message service (SMS) as well as more
complex functionalities and applications (apps) including third,
fourth, and fifth generation mobile telecommunications (3G,
4G, and 5G systems), global positioning system, and Bluetooth
technology (7).

This paper will briefly outline the pros and cons of mHealth
programs for delivering exercise-centric rehabilitation and pro-
vide an overview of key findings from randomized controlled
trials of mHealth interventions in people with cardiovascular
disease. We argue the typical one-size approach to mHealth de-
livery does not meet the needs of all people who need it.We hy-
pothesize that a single unifying digital platform that enables
participants to choose from a suite of evidence-based programs
designed to meet different patient needs is likely to enhance ac-
cessibility, delivery, and engagement of digital interventions for
people with coronary heart disease. In this paper, we briefly de-
scribe a recently developed initial prototype of such a digital
platform (named Salvio), including future components.

PROS AND CONS OF MHEALTH
mHealth offers numerous potential benefits over traditional

secondary prevention programs (7) such as 1) delivering inter-
vention content anywhere, at any time — facilitating regular
communication with participants and engagement with health
promotion services; 2) delivering prompts, reminders, and be-
havioral support notifications in a time-sensitive manner —
tailoring programs to fit individual lifestyles; 3) supporting pro-
active service-initiated programs that remove requirements for
participant action or attendance before initiation of informa-
tion and support; 4) enhancing responsiveness to, and person-
alization for, cultural, age, health, and other individual needs
and preferences; 5) increasing reach by overcoming barriers of
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face-to-face contact; and 6) decreasing socioeconomic dispar-
ities in accessibility by embracing high mobile phone penetra-
tion across these groups (8).

Despite the potential benefits of mHealth, questions remain
regarding its sustained effectiveness, and largely atheoretical ap-
proach (9). This is particularly true of existing smartphone apps
on iTunes andGoogle Play store. A systematic review and content
analysis of smartphone apps showed many of the apps reviewed
lack theory-based behavior change techniques, and those that
did include behavior change techniques; the average number of
techniques used was lower than previously reported for other types
of physical activity promotion (10). There also have been con-
cerns regarding the lack of regulation of medical apps (11). An-
other criticism of mHealth relates to a potential digital divide,
which refers to the divergence between those who have unequal
access to digital technology and the Internet (12). However, this
concept may have less relevance with ever-increasing access to
the Internet and mobile phones; in 2017, over 3.8 billion people
accessed the Internet (13).
MHEALTH PROGRAMS IN CLINICAL POPULATIONS
Over the past decade, there has been emerging interest in the

use of mobile technologies for supporting self-management of
many chronic diseases, including diabetes, (14,15) cardiovascular
disease (16), and chronic obstructive pulmonary disease (17).We
have been at the forefront of developing and evaluating mHealth
solutions for people with, or at risk of, cardiovascular disease, in-
cluding text messaging (i.e., SMS) and smartphone-based inter-
ventions. These trials include the HEART, (18) Text4Heart,
(19) TEXT ME, (20) and REMOTE-CR (21) randomized con-
trolled trials. Here, we outline the key features of the respective
programs and summarize key results.

HEART was a 24-wk program of text-messages and a su-
pporting Web site that aimed to improve leisure-time physical
activity in people with coronary heart disease (18). Messages
were unidirectional (from research team to participant only)
and included exercise prescription according to clinical guide-
lines (approximately 25% of messages), as well as theory-based
(self-efficacy) (22) behavioral support to initiate and maintain
physical activity and exercise behaviors. Participants received
3–5 text messages per week (total of 118 messages over 24 wk).
Participants were encouraged to log onto the Web site once
per week to view new information and video messages (three
new messages added per week, 30–60 s in length). In total, 171
participants were randomized and all were able to access usual
care, which could involve usual cardiac rehabilitation services.
From baseline to 24 wk, both groups showed small increases in
peak oxygen uptake (interventionΔ = 0.9 mL·kg−1·min−1; con-
trolΔ = 0.9 mL·kg−1·min−1); however, there was no statistically
significant difference observed between groups at 24 wk (ad-
justed difference = −0.2 mL·kg−1·min−1, 95% confidence inter-
val (CI): −1.1, 0.7; P = 0.65). Significant treatment effects
were observed in favor of the intervention (N = 85) for se-
lected secondary outcomes including self-reported leisure time
physical activity (difference = 110.2 min·wk−1, 95% CI: −0.8,
221.3; P = 0.05) and walking (difference = 151.4 min·wk−1,
95%CI: 27.6, 275.2; P= 0.02). If rolled out as a national program,
HEART was likely to be cost-effective for increasing leisure time
activity and walking.
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Text4Heart (N=123) alsowas a 24-wk textmessaging program
and focused on improving adherence to recommended lifestyle be-
haviors including physical activity, diet, smoking cessation, and
nonharmful alcohol use (19). As with theHEART trial, all partic-
ipants were able to access usual cardiac rehabilitation services. In
addition to usual care, participants in the intervention group
(N = 61) received a fully automated core program of text messages
on “Heart Health”; they also could choose additional behavioral
modules they wanted to focus onmodifying (e.g., physical activity,
healthy diet, smoking cessation, and alcohol use). To encourage
lifestyle change, the intervention was based on social cognitive
theory (22,23). TheCommon SenseModel (24) also was used be-
cause it specifically outlines coping strategies for modifying illness
perceptions and the negative emotions that arise with a health
threat such as a myocardial infarction. Participants received seven
messages per week (one per day) and had access to a supporting
Web site. They also received a pedometer to self-monitor their
physical activity. Messages were tailored to participants’ name
and preferred time of day for receiving messages. In the latter
12 wk, message frequency decreased to five per week. Bidirectional
messaging was used because participants were prompted to text in
their weekly pedometer step counts and to ask questions or for
feedback on other behaviors. Reponses to step counts were auto-
mated and based on the number of steps achieved, whereas indi-
vidual questions were responded to personally by the research
team within 48 h. The supporting Web site was accessed using a
secure log-in system and included additional information, biweekly
tips from the research teamvia a participant blog, graphs displaying
their pedometer step counts, and short video messages from role
models and medical professionals. Text4Heart demonstrated a sta-
tistically significant treatment effect in favor of the intervention on
adherence to ≥3 healthy lifestyle behaviors at 3 months (adjusted
odds ratio (ORadj) = 2.55, 95% CI: 1.12, 5.84; P = 0.03), but not
at 6 months (ORadj = 1.93, 95% CI: 0.83, 4.53, P = 0.13). The
intervention group reported a significantly greater medication
adherence score than the control group (meandifference=0.58;
95% CI: 0.19, 0.97; P = 0.004).
The most comprehensive evidence for text messaging on an ob-

jective outcome in this populationwas provided byChow et al. (20)
who demonstrated that a 6-month automated text-messaging
program (TEXT ME; N = 710) was associated with reduced
low-density lipoprotein cholesterol (primary outcome; mean
difference = −5 mg·dL−1, 95% CI: −9, 0; P = 0.04). The TEXT
ME intervention also was associated with increased self-reported
physical activity (Δ = 345 MET min·wk−1, 95% CI: 195, 495;
P < 0.001) and improvements in other risk factors (systolic blood
pressure, smoking). TEXT ME involved delivery of regular se-
mipersonalized text messages (participant’s preferred name) pro-
viding motivation, advice, and information on how to improve
diet, increase physical activity, and encourage smoking cessation
(if relevant). Participants received four messages per week for
24wk. For this trial, a library ofmessages was developedwith input
from investigators, clinicians, academics, and patients, informed
by the Australian Heart Foundation Healthy Living Guidelines.
In terms of smartphone interventions, we have developed

and evaluated a sophisticated program of remotely delivered exer-
cise support (REMOTE-CR) (21,25). Using wearable sensor, mo-
bile, and web technologies, the REMOTE-CR platform allowed
participants to access real-time monitoring and coaching from
clinical exercise specialists while exercising in their home or local
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environment (Fig. 1). The program also delivered evidence- and
theory-based behavioral support — providing people with a
personal coach in their pocket. Behavioral intervention con-
tent was grounded in self-efficacy (22) and self-determination
theories (26) and included a suite of behavior change tech-
niques (27), focused on increasing confidence and motivation
to exercise, overcoming barriers to being physically active,
scheduling exercise into daily life, goal setting, and enhancing
social support and networks to be active. Features on the
smartphone app also allowed participants to review their exer-
cise performance and assess progress toward personalized goals.

Findings from a noninferiority trial (N = 161) in which we
compared REMOTE-CR (N = 82) with standard center-based
cardiac rehabilitation showed no statistically significant difference
in V̇O2max (primary outcome) between the conditions (adjusted
mean difference (95% CI) = 0.51 [−0.97, −1.98] mL·kg−1·min−1,
P = 0.48). The 95% CI lower bound fell above the prespecified
−1.25 mL·kg−1·min−1 inferiority margin, indicating REMOTE-
CR was noninferior to center-based CR; nonadjusted changes
from baseline to 12 wk were 1.7 and 3.3 mL·kg−1·min−1 (or 8%
vs 12%) for the control and intervention groups, respectively
(21). Importantly REMOTE-CRwas substantially cheaper to de-
liver than the standard center-based exercise program. Per capita
program delivery (NZD1130 vs NZD3466) andmedication costs
(NZD331 vs NZD605, P = 0.02) were lower for REMOTE-CR.
Hospital service utilization costs were not statistically significantly
different (NZD3459 vs NZD5464, P = 0.20); 1 NZD= 0.67USD
at September 11, 2018.

In sum, we have developed and evaluated both SMS and
smartphone interventions for enhancing exercise, physical
activity, diet, and risk factors for coronary heart disease. Two
interventions (HEART and TEXT ME) are likely to be cost-
effective (18,28), whereas REMOTE-CR showed significant
cost savings compared with standard center-based exercise de-
livery (21). Collectively, this body of evidence supports the
utility of mHealth for augmenting existing services for people
with coronary heart disease and may go some way to address
some of the limitations associated with the current standard
cardiac rehabilitation delivery model (29).
TOWARD A DIGITAL PLATFORM
Despite the effectiveness of these (and other) digital interven-

tions, they remain disparate solutions with no central platform
bringing them together. No single intervention meets the needs
of all people with heart disease, thus a new paradigm is needed
in which people are provided a choice of delivery options to
best suit their needs. Such a solution would enable enhanced
communication and exchange with healthcare providers, who
could then assist patients to customize their secondary preven-
tions by making informed choices from a suite of available self-
management programs.

A critical component of self-management approaches is to
help individuals develop skills and behaviors, which allow them
to effectively manage their chronic condition, prevent further
progression of the disease or exacerbation of symptoms, and en-
hance health-related quality of life (30). Encouraging individuals
to actively engage in this process has the potential to enhance
the maintenance of a healthier lifestyle (31). Strategies that en-
hance patient empowerment and encourage patient autonomy
www.acsm-essr.org



Figure 1. REMOTE-CR platform schematic (Reprinted from (21). CC BY-NC 4.0).
and choice within their strategies have been shown to be impor-
tant ingredients in effective interventions (32).

To address this need, we have developed a new proof-of-concept
digital platform — accessed via a patient portal called Salvio —
that draws together a suite of evidence-based and effectivemHealth
interventions. The interventions are accessible to consumers, en-
abling them to identify and choose their preferred option and
delivery approach (text messaging programs and smartphone
app; Fig. 2). Akin to an App store, participants can access these
programs; however, unlike an App store, Salvio hosts a suite of
theory-based programs that have undergone rigorous evalua-
tion as described previously. We hypothesize that a single inte-
grated patient portal, which provides people with central access
Figure 2. Salvio platform schematic.
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to country-centric information on their condition and offers
flexibility to choose programs that best suit their individual
needs (e.g., text, smartphone, or other) and preferred target be-
haviors (e.g., exercise, diet) will promote empowerment, improve
adherence, and ultimately ensure they realize the considerable
benefits associated with cardiac rehabilitation (33–35).

How Salvio Works
Unlike existing Web or online education programs, Salvio

does not provide education but rather offers participants the op-
portunity to choose and activate behavior change interventions.
Participants access the secure Salvio portal via referral from a
health practitioner or self-referral. The former may facilitate
mHealth Interventions for Heart Disease 89



conversation around the current needs of the individual and opti-
mal programs to engage with. Once at the portal, a series of simple
profiling questions are used to guide participants to existing digital
interventions (described previously) that are likely to satisfy their
individual needs and preferences (Fig. 2), and Salvio allows partic-
ipants to activate their chosen intervention(s). For example, if
they want help to manage all aspects of their disease, participants
can activate a comprehensive text-messaging intervention (e.g.,
HEART exercise program). Alternatively, if they want more in-
tensive exercise training support, they can activate REMOTE-CR.
This type of platform has enormous potential to facilitate

large-scale implementation of tailored secondary prevention
services for cardiovascular disease and could be adapted for
other chronic diseases in the future. A central platform could al-
low those with limited access to traditional services (e.g., those
living in regional or rural locations) to receive lifestyle change
and risk factor modification support that is typically only offered
via face-to-face cardiac rehabilitation programs.

CONCLUSIONS
There is increasing evidence that mHealth interventions can

support the modification of lifestyle risk factors such as exercise
among people with coronary heart disease; however, existing in-
terventions are disparate. A digital platform with a patient portal
offers a unique opportunity to help people to select evidence-
and theory-based programs that meet their individual needs
and preferences to optimize self-management of their disease.
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