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Abstract

Background: The benefits of physical activity and cardiovascular rehabilitation on the reduction of cardiovascular
risk are well documented. Despite this, significant barriers and challenges remain in optimizing patient risk factors
post acute coronary syndromes (ACS) and ensuring patient compliance. Consumer wearable personal activity
trackers represent a cost effective and readily available technology that may aid in this endeavour.

Methods: UP-STEP ACS is a prospective single-blinded, two-arm, parallel, randomized control trial with an aim to
enrol 200 patients all undertaking cardiac rehabilitation. It will assess the affect that personal activity monitors have
on change in exercise capacity in patients post acute coronary syndromes primarily measured by a six-minute walk
test (6MWT). Secondary end points will be the improvement in other cardiovascular risk factors, namely; blood lipid
and glucose levels, weight, waist circumference, along with mood, quality of life and cardiac rehabilitation adherence.
Patients will be randomized to either receive a personal activity tracker or standard post hospital care during their
index event. After the 8- week intervention period, patients will return for a clinical review and repeat of baseline
assessments including the 6MWT.

Discussion: The utility and impact on exercise capacity of personal activity trackers in patient’s post-acute coronary
syndrome has not been assessed. This study aims to add to the scientific evidence emerging regarding the clinical
utility and validity of these devices in different patient population groups. If proven to be of benefit, these devices
represent a cost effective, easily accessible technology that could aid in the reduction of cardiovascular events.

Trial registration: The trial has been registered with the Australian New Zealand Clinical Trials Registry (ANZCTR). The
registration number is ACTRN12617000312347 (28/02/2017).
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Background
The increased understanding of cardiovascular risk factors
and the importance of aggressive primary and secondary
prevention measures have aided significantly in the reduc-
tion of cardiovascular disease and events. However,
despite the evidence, the application of these interventions
is far from optimal [1–3]. Coronary heart disease (CHD)
still represents the leading cause of mortality and morbid-
ity in Australia with almost 20,000 deaths in 2013 attrib-
uted to CHD [4]. This is also reflected globally with the
World Health Organisation (WHO) attributing 8.76
million deaths, or 15.5% of the estimated 56.4 million
deaths in 2015 to CHD [5].
Numerous observational studies have shown that there

is an increased risk of recurrent cardiac events in patients
who are known to have CHD and in particular those who
have survived an acute coronary syndromes (ACS), with
new events occurring most commonly within the first year
following the index event [6]. Australian data has esti-
mated that 34% of all hospital admissions for ACS are
repeat events with this representing a significant burden
on the health care system economically, and a poor
prognostic marker for patients individually [7].
Aggressive secondary prevention is vital in reducing the

risk of recurrent events and forms the pillar of secondary
risk reduction. From a pharmacological perspective,
guidelines are readily accessible and routinely followed
immediately post cardiac event, however there remains
inherent challenges with compliance and follow-up. The
recent TRANSLATE-ACS study [8] showed that 31% of
myocardial infarction (MI) patients had stopped taking at
least 1 medication by 6 months, with other studies show-
ing dosage is often suboptimal post discharge with only 1
in 3 patients within the suggested dosage target and only
25% of patients prescribed a dosage increase after dis-
charge [9]. Therefore, close patient follow-up, education
and appropriate dose titration is vital.
Non-pharmacological secondary prevention is gener-

ally targeted at lifestyle modification, with the most
common interventions focused around weight loss,
smoking cessation, cardiovascular education programs,
implementation of a healthy diet and regular physical
activity and psychosocial support. Cardiac rehabilitation
(CR), a comprehensive evidence based vehicle used to
deliver much of the education, engagement and moni-
toring of lifestyle modifications have been shown to have
a significant effect on both mortality and hospital re-
admission rates with reductions of 41 and 32% respect-
ively [10]. A recent Cochrane review confirmed this,
albeit to a lesser degree, showing a 13% decrease in all--
cause mortality and a 26% decrease in cardiovascular
mortality in those attending CR [11].
Despite its proven benefits, CR referral and participa-

tion rates still remain low. In a recent Australian study

looking at 3212 patients undergoing angiography for
AMI, only 48% of patients were referred to CR [12], with
numbers in the UK, USA and Europe ranging between
30 and 50% [13]. Additionally, attendance attrition rates
in CR programs may reach up to 60% over the course
of the program and represents a significant ongoing
challenge [14]. Globally there have been cost chal-
lenges associated with CR attendance. Suaya JA et al.
in the US reported that just over 13% of Medicare
patients who had suffered an AMI, and 30% after
CABG, received CR services after index hospitalisa-
tion [15]. Moreover, there may be a particular subset
of the population including women, elderly people,
those with significant comorbidities and those with
inadequate health insurance coverage that are less
likely to participate in or receive CR despite its
proven protective effect [15, 16].
CR programs play a vital role in the development of

personalized weight optimization strategies and educa-
tion regarding risks of inactivity and reinforcing the
positive benefits of regular physical exercise. Despite
guideline recommendations of at least 150 min of
moderate-intensity aerobic physical activity or 75 min of
vigorous-intensity activity throughout the week, evi-
dence suggests that the majority of individuals do not
meet this target [17]. The recent 2014/15 Australian
Health survey found that over 70% of the adult popula-
tion had sedentary or low levels of physical activity, not
meeting guideline recommendations [18]. There has
been efforts to quantify activity levels. Previously pub-
lished literature has used pedometer-determined phys-
ical activity to identify under-activity and suggest daily
targets, with an average step count of less than 5000
steps per day defined as sedentary, 5000–7499 as low ac-
tivity, 7500–9999 as ‘somewhat active’ and greater than
10,000 steps per day as ‘active’. Individuals who take
greater than 12,500 steps per day are classified as ‘highly
active’ [19]. Numerous studies have shown the signifi-
cant benefit of regular physical activity with an up to
30–40% reduction in CV risk when compared to inactive
individuals [20, 21].
The new generation of wearable consumer personal

activity trackers, incorporating a pedometer and acceler-
ometer, offer unique opportunities to engage and remotely
monitor patients engaged in rehabilitation programs with
exercise components. These devices, offering sophisticated
features such as GPS tracking, heart rate monitoring,
activity and sleep tracking with smart phone application
integration, give individuals an easy and affordable way to
monitor physical activity and energy expenditure with the
majority of devices showing acceptable validity of the data
recorded [22, 23]. It is estimated that approximately 25
million of these devices were sold in 2015 with worldwide
sales expected to increase to 12.6 billion US dollars by
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2018 [24]. Wrist-worn monitors are predicted to account
for 87% of the devices sold [25].
The use of older generation pedometers is well docu-

mented in the medical literature. A systematic review
and meta-analysis of 8 randomized controlled trials and
18 observational studies with a total of 2767 patients
found an increase in physical activity of 26.9% over base-
line as measured by step count in patients using pedom-
eters, with significant reduction in body mass index and
blood pressure [26]. An important predictor of increased
physical activity was having a daily step goal of 10,000.
More recently, a systematic review of 11 studies includ-
ing 1272 participants across 5 countries concluded that
wearing electronic activity monitoring systems lead to
an increase in physical activity and decrease in weight,
suggesting potentially clinically significant benefits [27].
Indeed, a significant advantage of a mobile device-based
study is that participants naturally take the device with
them, permitting passive recording of motion however,
but its feasibility and validity on a 6-min walk test was
questioned in a recent study by McConnell et al. [28]. A
combination approach with measures of physical activity
through a personal activity tracker and formal serial
physical assessments of 6-min walking test perhaps is a
more accurate assessment.
One of the limitations to these devices is the docu-

mented low rates of long-term engagement for many
users [15, 29, 30]. Some have suggested that compliance
at two years is approximately 40% [31]. However, despite
these concerns, long-term compliance has not been
assessed in patients post acute coronary syndrome. It
could be argued that given the often life threatening
event spurring behaviour change, engagement and com-
pliance may well be higher.

Aim
The aim of this study is to assess the impact of personal
activity trackers on exercise capacity, and improvement
of cardiovascular risk factors including blood lipids,
blood glucose, mood, weight, waist circumference, body
mass index, blood pressure, exercise motivation and
quality of life (QOL) in post acute coronary syndrome
patients undergoing cardiac rehabilitation,

Hypotheses
The primary hypothesis is that the use of a personal
activity tracker will improve exercise capacity, as mea-
sured by an objective 6-min walk test, compared to
standard care alone. The secondary hypotheses are that
the use of personal activity trackers will result in the
improvement in cardiovascular risk factors, namely;
improved lipid profile, blood pressure, BMI, weight and
waist circumference, HbA1c (where applicable) as well

as an improvement in psychological status, mood, exer-
cise motivation and QOL.

Methods/Design
UP-STEP ACS is a prospective single-blinded, two-arm,
parallel, randomized control trial with an aim to enrol
200 patients (100 in each arm). The study design is dis-
played in Fig. 1. This protocol is prepared based on the
SPIRIT 2013 statement [32].

Outcome assessment
Primary outcome
The primary outcome is a change in six-minute walk
distance that will be measured in a standardized fashion
as per the American Thoracic Society Statement 2002
[33]. The initial test will be undertaken during index
hospital admission with telemetry monitoring and will
be repeated at eight weeks as an outpatient. It will be
undertaken by a trained assessor.

Secondary outcomes
All secondary outcomes will be measured at baseline
and at 8-week follow-up. Table 1 summarizes the sec-
ondary outcomes of our study. In addition to those
already mentioned, a number of self-reported indices
will be recorded at follow-up appointment. Namely,
smoking status, date participants returned to work (if
applicable), medication adherence, and cardiac rehabili-
tation attendance and completion, defined as attending
all sessions. Any major adverse cardiovascular events
(MACE) will be recorded. MACE is defined as the com-
posite of death, non-fatal myocardial infarction, stroke
and unplanned revascularization. In addition, cardiac
related hospital admissions will also be documented.
Both primary and secondary outcomes are outlined in
Table 1.

Eligibility and recruitment
Once potential participants are identified, inclusion and
exclusion criteria will be applied. The inclusion criteria
are as follows: 1) Patient over the age of 18; 2) Ability to
understand and speak English; 3) Ability to understand
the study protocol and able to provide informed consent;
4) Admitted to hospital and diagnosed with an acute
coronary syndrome and have documented coronary
artery disease on coronary angiography (coronary artery
stenosis >50% in at least one coronary artery) treated
either medically or with percutaneous coronary inter-
vention; 5) Have low level of physical activity, defined by
not meeting recommended weekly exercise targets 6)
Personal ownership of a smartphone able to run the
Fitbit application; 7) Agreement to complete cardiac
rehabilitation program.
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The exclusion criteria are: 1) Inability or unwillingness to
provide informed consent; 2) Significant residual coronary
artery disease requiring planned revascularisation; 3) Un-
stable angina; 4) Blood pressure > 180/110 or symptomatic
orthostatic blood pressure decrease >20 mmHg; 5) Uncon-
trolled ventricular or atrial arrhythmias; 6) Musculoskeletal
or medical problems resulting in significant exercise limita-
tion; 7) Significant medical comorbidities with life expect-
ancy of less than one year; 8) New York Heart Association
(NYHA) Functional class III-IV; 9) Current illicit drug or
alcohol use or dependence that in the opinion of the princi-
pal investigator would interfere with adherence; 10) Clinical
signs of cognitive impairment. These are outline in Table 2.

Setting and participants
Recruitment will occur during index hospital admission
at Monash Medical Centre and Dandenong Hospital,
Melbourne, Australia. Melbourne is the second largest
city in Australia with an estimated population of 4.5

million people with healthcare provided predominantly
by a public system, with no or minimal charges to
patients. Potential participants will be those admitted
with an acute coronary syndrome (I.e. Unstable Angina,
NSTEMI and STEMI). These patients will be screened
and those meeting entry criteria will be invited to
participate in the study. Once informed consent is ob-
tained patients will undergo baseline testing prior to
randomization as outlined below. Those subsequently
allocated to the intervention group will receive their per-
sonal activity devices (Fitbit Charge 2) and face-to-face
instruction on its proper use prior to hospital discharge.

Device description
The Fitbit Charge 2 (Fitbit Inc., San Francisco, CA,
USA) is a fitness wristband and heart rate monitor with
sophisticated photo-plethysmography technology allow-
ing heart rate derived algorithms to estimate energy ex-
penditure based on physical activity intensity, with

Fig. 1 Randomized control trial design and flow
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recent data suggesting acceptable validity [22, 34, 35]. In
addition to pedometer and heart rate monitoring, the
Fitbit Chargedevice has additional features of automatic
activity tracking, connected GPS, automatic reminders
to keep active and sleep detection technology. Fitbit Inc.
as an in-kind donation will provide the device used in
the study. Fitbit Inc. however, will have no involvement
in the design, implementation, analysis or interpretation
of the results of this study.

Sample size required
We calculated that 152 participants (76 in both the
intervention and control groups) would need to be en-
rolled for the study to have a statistical power of 80% to
detect a clinically important increase of 25 m in the six-
minute walk test [21, 22], in the intervention group as
compared with the control group, with a two-sided
alpha level of 0.05. Accounting for 20% loss to follow-up
a minimum of 92 patients in each arm will be required.
If the power was to increase to 90% at 5% level of signifi-
cance 101 patients would be required in each arm of the
study. We plan to recruit 100 patients in each arm, total-
ling 200 patients.

Ethics and dissemination
This protocol and the informed consent forms were
reviewed by the Monash Health Human Research Ethics
Committee (HREC) with respect to the scientific content
and compliance with applicable research and human
subject regulations. Ethics approval was obtained with
reference number LNR/17/MonH/62.
Personal health information will be collected from

participants and will be stored in a secure databank.

During the study a unique number will be used to iden-
tify patients with no personal information appearing on
any documents or subsequent publications. The infor-
mation collected will be kept in a secure location and
any computer files will be password protected and
retained for 15 years. Patients will have the right to
access and to request correction of information held as
per local state legislation.

Randomization
Once all screening assessments are completed and eligi-
bility is confirmed patients (n = 200) will be randomized
in a 1:1 fashion to receiving the personal activity
monitor (Fitbit Charge 2) in addition to usual cardiac
rehabilitation or the usual cardiac rehabilitation alone
through a computer based randomization process
(Fig. 1). A computer-generated table will allocate pa-
tients in fixed blocks of four. In order to prevent selec-
tion bias, the allocation sequence will be concealed from

Table 1 Primary and Secondary endpoints

Primary Outcome

• Six-minute walk test distance

Secondary Outcome

• Fasting Lipid Levels

• Fasting Glucose

• Resting Blood Pressure

• Resting Heart Rate

• Weight and Body Mass Index (BMI)

• Waist Circumference

• Smoking Status (self-Reported)

• Attendance and adherence to Cardiac Rehabilitation

• Depression/Mood Assessment

• Compliance with Secondary Prevention Pharmacotherapy

• Exercise Motivation (EMI-2)

• Quality of Life

Table 2 Inclusion and Exclusion criteria

Inclusion Criteria

• Patient over the age of 18

• Ability to understand and speak English

• Ability to understand the study protocol and able to provide
informed consent

• Admitted to hospital and diagnosed with an acute coronary
syndrome and have documented coronary artery disease on
coronary angiography (coronary artery stenosis >50% in at least
one coronary artery) treated either medically or with percutaneous
coronary intervention

• Have low level of physical activity, defined by not meeting
recommended weekly exercise targets.

• Personal ownership of a smartphone able to run the Fitbit
application

• Agreement to complete cardiac rehabilitation program.

Exclusion Criteria

• Inability or unwillingness to provide informed consent

• Significant residual coronary artery disease requiring planned
revascularisation

• Unstable angina

• Blood pressure > 180/110 or symptomatic orthostatic blood
pressure decrease >20 mmHg

• Uncontrolled ventricular or atrial arrhythmias

• Musculoskeletal or medical problems resulting in significant
exercise limitation

• Significant medical co-morbidities with life expectancy of less
than one year

• New York Heart Association (NYHA) Functional class III-IV

• Current illicit drug or alcohol use or dependence that in the opinion
of the principal investigator would interfere with adherence

• Clinical signs of cognitive impairment
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the investigators enrolling and assessing patients utiliz-
ing computer randomization software.
Baseline patient demographics and pre-defined screen-

ing and assessment, including the 6-min walk test, will
occur prior to randomization after patients have given
informed consent. Assessors of the primary outcomes
will be blinded to the treatment allocation, however
participants are not able to be blinded.

Primary outcome and intervention
This is a mixed-methods behavioural study integrating
quantitative and qualitative data to investigate primary
and secondary endpoints. The purpose of the interven-
tion is to determine the effect that personal activity
trackers have on physical activity as measured by exer-
cise capacity on 6-min walk test post ACS. The personal
activity monitor will be provided to participating pa-
tients based on their allocation to the intervention group
and agreement to participate in cardiac rehabilitation.
Patients in the intervention group will download the
Fitbit smart phone application, and the devices will be
paired in a face-to-face education session. Patients will
also receive education on its use, along with assistance
in programming exercise targets as per recommended
guidelines.
Each participant in the intervention arm will be regis-

tered with a cloud storage service via an allocated, de-i-
dentified, password protected email address and will be
instructed to wear the device during all waking hours.
The study will take place over 8 weeks commencing at
the time of their discharge from hospital.

Exercise prescription
Patients in both groups will be encouraged to exercise as
per guideline recommendations [17] over the course of
the study period. Patients in the intervention arm will be
encouraged to meet a target of at least 10,000 steps per
day, with the device programmed to this goal. In men
who underwent an exercise rehabilitation program,
improvement in walking distance (i.e. steps per day) was
a strong independent predictor of survival, and a useful
guide to prognosis [36] The study coordinators will be
able to view these de-identified step counts in real time,
however there will be no further interaction with pa-
tients in either group until the 8-week follow-up review.
The routine community cardiac rehabilitation program

that all will be encouraged to attend encourages patients to
engage in regular moderate intensity exercise increasing in a
graded degree over a seven-week period centred around a
walking program. Moderate intensity is described as exercise
that is ‘neither too hard, nor too easy’, with ‘mild shortness of
breath, sweating and increased heart rate’ as per the National
Australian Heart Foundation recommendations [37].

Tracking of cardiovascular risk factors
Prior to discharge from hospital patient cardiovascular
risk factors will be collected. Blood pressure, cholesterol
levels, blood glucose levels, HbA1c, weight, smoking
status, waist circumference and BMI will be assessed
and recorded along with survey responses as outlined
below. Patients will be provided with specific education
and given written information as to recommended target
levels and strategies to achieve them as per standard of
care. There will be no additional blood tests required
during the index admission as these parameters repre-
sent the standard of care at our institution.

Screening assessments
Patients will undergo full comprehensive assessment at
baseline prior to hospital discharge. This, including all
questionnaires, will all be repeated at the 8-week follow-
up appointment.
Exercise Capacity – Improvement in exercise capacity

(i.e. walking ability) will be assessed via the six-minute
walking test (6MWT) in a standardized fashion by
trained assessors [33]. Walking distance and walking
speed have been demonstrated to be inversely related to
cardiovascular events, survival and hospitalisation in
patients with cardiovascular disease [38–40].
Physical Activity – The International Physical Activity

Questionnaire (Short) [41] will be used to determine
physical activity status. Patients will be considered
physically inactive if they do not meet the current guide-
line recommendation for physical activity.
Blood Pressure & Heart Rate – Blood pressure will be

measured using an automated sphygmomanometer with
pulse oxymetry to measure resting heart rate after a five-
minute period of seated rest. Blood pressure will be
repeated three times, as per guideline recommendations,
with the first measurement discarded and the average
taken of the second and third [42].
Blood Tests – Fasting lipids, blood glucose and HbA1c

results will be available from inpatient notes. This will
be taken as the baseline recording and repeated through
the same hospital lab at 8 weeks.
BMI & Other Risk Factors – Body mass index will be

derived from the weight (kg) divided by the height (m)
squared. Waist circumference, at the level of the umbil-
icus, will be measured using an anthropometric tape.
Smoking status will be recorded, defined as either
current, ex-smoker, or lifelong non-smoker with number
of pack years recorded where indicated. One pack year
will be defined as 20 cigarettes a day, for one year.
Depression - Assessment for depression will be under-

taken with the Cardiac Depression Scale – Short Form
(CDS-SF) [43].
Exercise Motivation and Quality of Life: QOL assess-

ment will be undertaken via the Short-Form Health
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Survey Questionnaire (SF-36) [44]. Exercise Motivation
will be assessed via the Exercise Motivation Inventory 2
(EMI-2) questionnaire [45].

Dietary habits
In the intervention group, patients will be encouraged to
complete a food diary through the Fitbit smartphone
application. This feature allows patients to enter food
amounts, time of consumption and gives a running
calorie count of both calories consumed and calories
expended based on personal anthropometric data en-
tered into the application (I.e. age, height, weight) and
activity levels. Patients in the control arm will also be
encouraged to keep a similar food diary. Both groups
will receive dietary education through cardiac rehabilita-
tion program attendance.

Cardiovascular health education
All patients will undergo regular cardiac rehabilitation
sessions as run by the health service. This incorpo-
rates an extensive teaching program around cardio-
vascular health education, risk factor modification,
exercise prescription and dietary advice along with
the implications of psychological stress on cardiovas-
cular disease. This program is run in a group setting
with family members invited to attend. It is available
at various times throughout the week to facilitate
high attendance rates. It is run over either a 6-week
period incorporating weekly daytime sessions or over
4 weeks incorporating longer evening sessions to
facilitate patients with work commitments.

Cardiac medication list
Patient medications on discharge and at the end of the
study will be recorded, with self-reported reasons docu-
mented for any alterations.

Safety considerations
Overall this is a low risk study. Studies have shown
patients with pre-existing heart disease have an event
rate of one in every 62,000 h of exercise with those
without heart disease having a risk of a cardiac event
between 1 in 400,000–800,000 h of exercise [46]. Some
studies have suggested that strenuous activity is associ-
ated with increased risk of cardiac death or complica-
tions [47]. However, recent data suggests that near
maximal intensity exercise in patients in the week of and
thereafter following an uncomplicated acute coronary
syndrome is safe [48, 49].
To minimize any risk to patients, those who have a

significantly increased risk of suffering harm from this
intervention have been excluded from the study. Should
any participant experience or report any adverse events
or symptoms at any time during the study period they

will be advised on how to manage these symptoms and
then to seek medical evaluation initially via their general
practitioner or emergency department. Patients will be
requested to contact the principal investigator about any
reported adverse events or symptoms and these will be
promptly recorded and managed.

Standard care
Regardless of treatment assigned all patients will receive
the same standard of care post their acute coronary
syndromes. This includes specialist cardiology inpatient
management, hospital based education, pre-discharge
planning, discharge documentation forwarded to their
general practitioner, referral to cardiac rehabilitation, a
chest pain action plan and cardiologist follow-up
organized 4–6 weeks post index event.

Statistical analysis
The intervention arm will be compared against the
control arm on an intention to treat analysis basis. All
statistical analyses will be performed using SPSS v23
(IBM, USA). Baseline characteristics will be summarized
using descriptive statistics. Paired Student-t test will be
used for all normally distributed continuous variables
and will be described as mean with standard deviation.
Variables not normally distributed will be analysed using
the Wilcoxon Signed Rank test. Categorical variables will
be described as frequencies and percentages and will be
compared using a Pearson chi-squared test.

Dissemination policy
The results of this study will be made public within
24 months of completion of the trial, with completion
being defined as either full enrolment and complete data
collection, or collection of enough data to ensure that
primary endpoints have sufficient power. We plan to
submit a full manuscript to a peer reviewed journal,
however the initial release may be an abstract at an ap-
propriate scientific meeting.

Discussion
To our knowledge the UP-STEP trial will be the first
study with the primary aim of determining the impact
that personal activity trackers have on exercise capacity
in patients following an acute coronary syndrome. The
benefits of exercise on general health and in particular
patients with coronary artery disease is well docu-
mented, however there remain many challenges in trans-
lating this into patient adherence. Near maximal
exercise testing has been shown to be safe in patients
post uncomplicated myocardial infarction in the days
prior to discharge, and therefore early introduction of
exercise should be strongly encouraged [48–50].

Nogic et al. BMC Cardiovascular Disorders  (2017) 17:303 Page 7 of 9



Personal activity trackers have increased in popularity
exponentially in recent years and represent a unique
opportunity in aiding the management of cardiovascular
risk factors. To our knowledge there are no other studies
in the literature assessing their efficacy in post ACS
patients, and should the results of our study be positive,
their use may represent a cost effective and simple inter-
vention for improving outcomes following acute coron-
ary syndrome. We aim to build the scientific evidence
regarding their use in the management of secondary pre-
vention in patients with coronary artery disease.
The primary end point of our superiority study is to

assess the improvement of exercise capacity as measured
by an objective 6-min walk test, with the trial designed
to detect a minimal clinically important difference of an
increase of 25 m in a standardised 6 min walk test at
8 weeks post hospital discharge [51]. Patient motivation,
lifestyle and behaviour changes are crucial elements in
the success of cardiac rehabilitation and cardiovascular
risk factors modification. The time immediately post
ACS for patients is vitally important for recovery, educa-
tion and introspection, representing a unique opportun-
ity for a positive behavioural change. Numerous studies
have shown the favourable effects CR has on behavioural
change in this regard [52–54]. We postulate that the use
of a personal activity tracker will increase exercise
capacity, increase patient exercise motivation and aid in
the management of cardiovascular risk factors. Depend-
ing on our findings, future work may also investigate the
utility of personal activity trackers in the primary pre-
vention of coronary artery disease by reducing rates of
physical inactivity, an emerging and previously unrecog-
nised cardiac risk factor.

Acknowledgements
Not applicable

Funding
The devices are provided by Fitbit Inc. Austaralia as an in-kind donation. Fit-
bit had no input in the design of the study and will have no input in the
analysis or decision to publish results.

Availability of data and materials
No datasets have yet been obtained.

Authors’ contributions
JN, JC, AN developed the concept, trial protocol and wrote the manuscript.
PT, AI and SM contributed to the study design, review of the manuscript and
database setup. All authors have read and approved the final manuscript.

Ethics approval and consent to participate
The Monash Health Human Research and Ethics Committee, Melbourne,
Australia has approved this trial. The reference number is LNR/17/MonH/62.
It is the requirement of the trial that informed consent is obtained prior to
the enrolment process.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 30 July 2017 Accepted: 4 December 2017

References
1. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van

Horn L, et al. Defining and setting national goals for cardiovascular
health promotion and disease reduction: the American Heart
Association’s strategic impact goal through 2020 and beyond.
Circulation. 2010;121(4):586–613.

2. Pearson TA, Blair SN, Daniels SR, Eckel RH, Fair JM, Fortmann SP, et al. AHA
guidelines for primary prevention of cardiovascular disease and stroke: 2002
update: consensus panel guide to comprehensive risk reduction for adult
patients without coronary or other atherosclerotic vascular diseases.
American Heart Association Science Advisory and Coordinating Committee.
Circulation. 2002;106(3):388–91.

3. AHA, ACC, National Heart, Lung, and Blood Institute, Smith SC Jr, Allen J, et
al. AHA/ACC guidelines for secondary prevention for patients with coronary
and other atherosclerotic vascular disease: 2006 update endorsed by the
National Heart, Lung, and Blood Institute. J Am Coll Cardiol. 2006;47(10):
2130–9.

4. Australian Institute of Health and Welfare AG. Leading causes of death.
Available from: https://www.aihw.gov.au/deaths/. Accessed Apr 2017.

5. World Health Organisation. The top 10 causes of death. Fact Sheet.
Available from: http://www.who.int/mediacentre/factsheets/fs310/en/.
Accessed Mar 2017.

6. Briffa TG, Hobbs MS, Tonkin A, Sanfilippo FM, Hickling S, Ridout SC, et al.
Population trends of recurrent coronary heart disease event rates remain
high. Circ Cardiovasc Qual Outcomes. 2011;4(1):107–13.

7. Aliprandi-Costa B, Ranasinghe I, Chow V, Kapila S, Juergens C, Devlin G, et
al. Management and outcomes of patients with acute coronary syndromes
in Australia and New Zealand, 2000-2007. Med J Aust. 2011;195(3):116–21.

8. Mathews R, Wang TY, Honeycutt E, Henry TD, Zettler M, Chang M, et al.
Persistence with secondary prevention medications after acute
myocardial infarction: insights from the TRANSLATE-ACS study. Am
Heart J. 2015;170(1):62–9.

9. Arnold SV, Spertus JA, Masoudi FA, Daugherty SL, Maddox TM, Li Y, et al.
Beyond medication prescription as performance measures: optimal
secondary prevention medication dosing after acute myocardial infarction. J
Am Coll Cardiol. 2013;62(19):1791–801.

10. Martin BJ, Hauer T, Arena R, Austford LD, Galbraith PD, Lewin AM, et al.
Cardiac rehabilitation attendance and outcomes in coronary artery disease
patients. Circulation. 2012;126(6):677–87.

11. Heran BS, Chen JM, Ebrahim S, Moxham T, Oldridge N, Rees K, et al.
Exercise-based cardiac rehabilitation for coronary heart disease. Cochrane
Database Syst Rev. 2011;7:CD001800.

12. Tavella R, Arstall M, Worthley M, Chew D, Zeitz C, Beltrame J. Determinants
of cardiac rehabilitation referral following acute myocardial infarction in
Australia. Circ Cardiovasc Qual Outcomes. 2015;8:A214.

13. Aragam KG, Moscucci M, Smith DE, Riba AL, Zainea M, Chambers JL, et al.
Trends and disparities in referral to cardiac rehabilitation after percutaneous
coronary intervention. Am Heart J. 2011;161(3):544–51. e2

14. Scotto CJ, Waechter D, Rosneck J. Factors affecting program completion in
phase II cardiac rehabilitation. Can J Cardiovasc Nurs. 2011;21(2):15–20.

15. Suaya JA, Shepard DS, Normand SL, Ades PA, Prottas J, Stason WB. Use of
cardiac rehabilitation by Medicare beneficiaries after myocardial infarction
or coronary bypass surgery. Circulation. 2007;116(15):1653–62.

16. Witt BJ, Jacobsen SJ, Weston SA, Killian JM, Meverden RA, Allison TG, et al.
Cardiac rehabilitation after myocardial infarction in the community. J Am
Coll Cardiol. 2004;44(5):988–96.

17. World Health Organisation. Global strategy on diet, physical activity and
health. Physical activity and recommended levels of phsyical activity for
adults aged 18–64 years. Geneva: World Health Organisation; 2011.
Available from: http://www.who.int/dietphysicalactivity/factsheet_adults/en.
Accessed Apr 2017.

18. Australian Burea of Statistics AG. Australian Health Survey: Physical activity,
2014–15. ABS Catalogue; 2015. p. 4363.0.

Nogic et al. BMC Cardiovascular Disorders  (2017) 17:303 Page 8 of 9

https://www.aihw.gov.au/deaths/
http://www.who.int/mediacentre/factsheets/fs310/en
http://www.who.int/dietphysicalactivity/factsheet_adults/en


19. Tudor-Locke C, Bassett DR Jr. How many steps/day are enough? Preliminary
pedometer indices for public health. Sports Med. 2004;34(1):1–8.

20. Shiroma EJ, Lee IM. Physical activity and cardiovascular health: lessons
learned from epidemiological studies across age, gender, and race/ethnicity.
Circulation. 2010;122(7):743–52.

21. Shiroma EJ, Sesso HD, Moorthy MV, Buring JE, Lee IM. Do moderate-
intensity and vigorous-intensity physical activities reduce mortality rates to
the same extent? J Am Heart Assoc. 2014;3(5):e000802.

22. Lee JM, Kim Y, Welk GJ. Validity of consumer-based physical activity
monitors. Med Sci Sports Exerc. 2014;46(9):1840–8.

23. Dominick GM, Winfree KN, Pohlig RT, Papas MA. Physical activity assessment
between consumer- and research-grade accelerometers: a comparative
study in free-living conditions. JMIR Mhealth Uhealth. 2016;4(3):e110.

24. Statista. Forcast unit sales of health and fitness trackers worldwide from
2014–2014 (in millions), by region. 2015. Available from: http://www.statista.
com/statistics/413265/health-and-fitness-trackerworldwide-unit-sales-region/.
Accessed Apr 2017.

25. CCS Insight. Smart watches and smart bands dominate fast-growth wearables
market. CCS Insight; 2014 [cited 2017. Available from: http://www.ccsinsight.
com/press/company-news/1944-smartwatches-and-smart-bands-dominate-
fast-growing-wearables-market. Accessed Apr 2017.

26. Bravata DM, Gienger AL, McDonald KM, Sundaram V, Perez MV, Varghese R,
et al. Systematic review: the comparative effectiveness of percutaneous
coronary interventions and coronary artery bypass graft surgery. Ann Intern
Med. 2007;147(10):703–16.

27. Lewis ZH, Lyons EJ, Jarvis JM, Baillargeon J. Using an electronic activity
monitor system as an intervention modality: a systematic review. BMC
Public Health. 2015;15:585.

28. McConnell MV, Shcherbina A, Pavlovic A, Homburger JR, Goldfeder RL,
Waggot D, et al. Feasibility of obtaining measures of lifestyle from a
Smartphone app: the MyHeart counts cardiovascular health study. JAMA
Cardiol. 2017;2(1):67–76.

29. Chiauzzi E, Rodarte C, DasMahapatra P. Patient-centered activity monitoring
in the self-management of chronic health conditions. BMC Med. 2015;13:77.

30. Ridgers ND, McNarry MA, Mackintosh KA. Feasibility and Effectiveness of
Using Wearable Activity Trackers in Youth: A Systematic Review. JMIR
Mhealth Uhealth. 2016;4(4):e129.

31. Endeavour Partners. Inside Wearables: How the science of human behavior
change offers the secret to long-term engagement. Endeavour Partners;
2017 [Available from: https://blog.endeavour.partners/inside-wearable-how-
the-science-of-human-behavior-change-offers-the-secret-to-long-term-
engagement-a15b3c7d4cf3. Accessed Apr 2017.

32. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krleza-Jeric K, et
al. SPIRIT 2013 statement: defining standard protocol items for clinical trials.
Ann Intern Med. 2013;158(3):200–7.

33. Brooks D, Solway S, Gibbons WJ. ATS statement on six-minute walk test. Am
J Respir Crit Care Med. 2003;167(9):1287.

34. Spierer DK, Rosen Z, Litman LL, Fujii K. Validation of photoplethysmography
as a method to detect heart rate during rest and exercise. J Med Eng
Technol. 2015;39(5):264–71.

35. Stahl SE, An HS, Dinkel DM, Noble JM, Lee JM. How accurate are the wrist-
based heart rate monitors during walking and running activities? Are they
accurate enough? BMJ Open Sport Exerc Med. 2016;2(1):e000106.

36. Kavanagh T, Hamm LF, Beyene J, Mertens DJ, Kennedy J, Campbell R, et al.
Usefulness of improvement in walking distance versus peak oxygen uptake
in predicting prognosis after myocardial infarction and/or coronary artery
bypass grafting in men. Am J Cardiol. 2008;101(10):1423–7.

37. National Heart Foundation Australia. Physical activity in patients with
cardiovascular disease: management algorithm and information for general
practice. . Available from: https://www.heartfoundation.org.au/images/
uploads/publications/physical-activity-in-patients-with-cvd-management-
algorithm.pdf. Accessed Apr 2017.

38. Beatty AL, Schiller NB, Whooley MA. Six-minute walk test as a prognostic
tool in stable coronary heart disease: data from the heart and soul study.
Arch Intern Med. 2012;172(14):1096–102.

39. Grazzi GMG, Myers J, et al. Improved walking speed is associated with lower
hospitalisation rates in patients in an exercise-based secondary prevention
programme. Heart. 2016;102(23):1902–8.

40. Grazzi G, Myers J, Bernardi E, Terranova F, Grossi G, Codeca L, et al.
Association between VO(2) peak estimated by a 1-km treadmill walk and

mortality. A 10-year follow-up study in patients with cardiovascular disease.
Int J Cardiol. 2014;173(2):248–52.

41. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, et
al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381–95.

42. Leung AA, Nerenberg K, Daskalopoulou SS, McBrien K, Zarnke KB, Dasgupta K,
et al. Hypertension Canada’s 2016 Canadian hypertension education program
guidelines for blood pressure measurement, diagnosis, assessment of risk,
prevention, and treatment of hypertension. Can J Cardiol. 2016;32(5):569–88.

43. Hare DL, Davis CR. Cardiac depression scale: validation of a new depression
scale for cardiac patients. J Psychosom Res. 1996;40(4):379–86.

44. Ware JE Jr. SF-36 health survey update. Spine (Phila Pa 1976). 2000;25(24):
3130–9.

45. Markland D, Hardy L. The exercise motivations inventory: preliminary
development and validity of a measure of individuals’ reasons for
participation in regular physical exercise. Personal Individ Differ. 1993;15:
289–96.

46. Fletcher GF, Balady GJ, Amsterdam EA, Chaitman B, Eckel R, Fleg J, et al.
Exercise standards for testing and training: a statement for healthcare
professionals from the American Heart Association. Circulation. 2001;
104(14):1694–740.

47. Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg RJ, Muller JE.
Triggering of acute myocardial infarction by heavy physical exertion.
Protection against triggering by regular exertion. Determinants of
myocardial infarction onset study investigators. N Engl J Med. 1993;
329(23):1677–83.

48. Kanthan A, Tan TC, Zecchin RP, Denniss AR. Early exercise stress testing is
safe after primary percutaneous coronary intervention. Eur Heart J Acute
Cardiovasc Care. 2012;1(2):153–7.

49. Senaratne MP, Smith G, Gulamhusein SS. Feasibility and safety of early
exercise testing using the Bruce protocol after acute myocardial infarction. J
Am Coll Cardiol. 2000;35(5):1212–20.

50. Topol EJ, Juni JE, O’Neill WW, Nicklas JM, Shea MJ, Burek K, et al. Exercise
testing three days after onset of acute myocardial infarction. Am J Cardiol.
1987;60(13):958–62.

51. Gremeaux V, Troisgros O, Benaim S, Hannequin A, Laurent Y, Casillas JM, et
al. Determining the minimal clinically important difference for the six-
minute walk test and the 200-meter fast-walk test during cardiac
rehabilitation program in coronary artery disease patients after acute
coronary syndrome. Arch Phys Med Rehabil. 2011;92(4):611–9.

52. Timlin MT, Shores KV, Reicks M. Behavior change outcomes in an outpatient
cardiac rehabilitation program. J Am Diet Assoc. 2002;102(5):664–71.

53. Beckie TM, Beckstead JW. The effects of a cardiac rehabilitation program
tailored for women on their perceptions of health: a randomized clinical
trial. J Cardiopulm Rehabil Prev. 2011;31(1):25–34.

54. Ramadi A, Haennel RG, Stone JA, Arena R, Threlfall TG, Hitt E, et al. The
sustainability of exercise capacity changes in home versus center-based
cardiac rehabilitation. J Cardiopulm Rehabil Prev. 2015;35(1):21–8.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Nogic et al. BMC Cardiovascular Disorders  (2017) 17:303 Page 9 of 9

http://www.statista.com/statistics/413265/health-and-fitness-trackerworldwide-unit-sales-region
http://www.statista.com/statistics/413265/health-and-fitness-trackerworldwide-unit-sales-region
http://www.ccsinsight.com/press/company-news/1944-smartwatches-and-smart-bands-dominate-fast-growing-wearables-market
http://www.ccsinsight.com/press/company-news/1944-smartwatches-and-smart-bands-dominate-fast-growing-wearables-market
http://www.ccsinsight.com/press/company-news/1944-smartwatches-and-smart-bands-dominate-fast-growing-wearables-market
https://blog.endeavour.partners/inside-wearable-how-the-science-of-human-behavior-change-offers-the-secret-to-long-term-engagement-a15b3c7d4cf3
https://blog.endeavour.partners/inside-wearable-how-the-science-of-human-behavior-change-offers-the-secret-to-long-term-engagement-a15b3c7d4cf3
https://blog.endeavour.partners/inside-wearable-how-the-science-of-human-behavior-change-offers-the-secret-to-long-term-engagement-a15b3c7d4cf3
https://www.heartfoundation.org.au/images/uploads/publications/physical-activity-in-patients-with-cvd-management-algorithm.pdf
https://www.heartfoundation.org.au/images/uploads/publications/physical-activity-in-patients-with-cvd-management-algorithm.pdf
https://www.heartfoundation.org.au/images/uploads/publications/physical-activity-in-patients-with-cvd-management-algorithm.pdf

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Aim
	Hypotheses
	Methods/Design
	Outcome assessment
	Primary outcome
	Secondary outcomes

	Eligibility and recruitment
	Setting and participants
	Device description
	Sample size required
	Ethics and dissemination
	Randomization
	Primary outcome and intervention
	Exercise prescription
	Tracking of cardiovascular risk factors
	Screening assessments
	Dietary habits
	Cardiovascular health education
	Cardiac medication list
	Safety considerations
	Standard care
	Statistical analysis
	Dissemination policy

	Discussion
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

