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Abstract
Background: Cardiac rehabilitation (CR) programs are evidence-based and widely recommended. However,
benefits from CR are likely lost among individuals who discontinue their regular exercise routines and healthy
habits. One possible approach to enhance adherence to lifestyle advice after completion of CR, may be
individualized follow-up enabled by a smartphone application (app).
Methods: A protocol of a single-blinded, pragmatic randomized controlled trial. The study will take place in
the eastern part of Norway, and will include heart patients who have completed CR. Participants will be
recruited from two CR centers. Based on power calculation, 113 participants will be included. The intervention
group will receive individualized follow-up through an app on a weekly basis throughout a year. The app will
be set up with the participant’s own goals, and the follow-up will be based on these individual goals. The
control group will receive usual care, including general advice regarding physical activity, exercise and diet.
The participants will be assessed at baseline (at completion of CR) and 12 months after baseline. Primary
outcome of the study will be peak oxygen uptake. Secondary outcomes include exercise performance, quality
of life, health status, health literacy, self-perceived goal achievement, exercise habits, body weight, blood
pressure as well as lipids and triglycerides.
Discussion: To our knowledge, this will be the first study to examine the effects of individualized follow-up
with an app for one year, in patients completing CR. Hence, it is reasonable to assume that the study may
be groundbreaking. Due to the large sample size and the theoretically based intervention, the study has the
potential to generate new knowledge that may improve the design of future technology-based follow-up
interventions of patients that have completed rehabilitation.
Trial registration: ClinicalTrials.gov. NCT03174106. First registration, 19/05/2017.
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Background
Beneficial effects of cardiac rehabilitation (CR) have been
well demonstrated [1]. Exercise is recommended as a core
component in CR, as exercise is an independent measure
of cardiovascular (CV) risk, both in healthy individuals and
in patients with coronary disease [1–4]. However, benefits
from CR are likely lost among individuals who discontinue
their regular exercise routines and healthy habits. Participants in CR are often insufficiently prepared for independent exercise in their home environment and the beneficial
effects of CR tends to decrease after completed CR [5].
One possible approach is to use mobile health interventions, such as smartphone-applications (apps), as a followup tool to promote adherence to lifestyle advice.
The benefit of an app is that it offers an opportunity for
health-staff to give feedback to patients directly [6–9]. The
use of apps for cardiac patients is shown to be promising
regarding risk factor control, completion of CR, delivery
of CR and adherence to the app [9–11]. Further, authors
have pointed out apps as potential interventions for adherence to lifestyle advice in cardiac patients after completing
CR [9, 12]. In that respect, apps may meet the need
for long-term support, highlighted as necessary in the
latest European guidelines on cardiovascular disease
prevention in clinical practice for behavior change [3].
To our knowledge, no other studies have previously
evaluated individualized follow-up with an app for
one year after completing CR.
Our research group performed an experimental,
pre-post single arm trial, lasting for 12 weeks to assess
the feasibility of using an app for promoting and
monitoring patients adherence to a heart-healthy lifestyle after CR [13]. Fourteen patients were recruited
during spring 2017. The evaluation of feasibility was
assessed through recruitment rate, adherence to the
app including satisfaction with the technology, resource requirements and efficacy regarding capability
to detect a change in quality of life (QoL) and health
status questionnaires, and in perceived goal achievement. Results showed that 71% of patients who completed CR were eligible for the study. Further, all
included participants (n = 14) used the app for preventive activities throughout the study period. Satisfaction with the technology was high, and all included
participants found the technology-based follow-up
both useful and motivational. Despite this, some potential improvements of the intervention were discovered [13]. Therefore, guidance from the participants
in the feasibility study has been taken along and has
been adopted and incorporated into the final design
of the randomized controlled trial (RCT) which will
be presented in this paper.
The primary aim of the planned study is to evaluate
the effects of individualized follow-up, enabled through
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an app, on exercise capacity as determined by direct
measurement of peak oxygen uptake (VO2peak), compared to standard care, one year after completion of CR.
The second aim is to evaluate the effect of the intervention on exercise performance, QoL, health status, health
literacy, self-perceived goal achievement, exercise habits,
blood pressure, lipids and triglycerides.

Methods
Study design

The study is a single-blinded, pragmatic RCT comparing
an intervention group with a control group. The intervention group will receive individualized follow-up over
12 months, enabled through an app, while the control
group receives usual care.
Study setting and recruitment

Participants will be recruited from two CR centers in the
eastern part of Norway. One rehabilitation center offers a
outpatient CR program for 12 weeks, while the other center offers two inpatient CR programs, one and four weeks
respectively. Approximately one third of the participants
will be recruited from each of the three CR programs. A
researcher will visit the CR centers on a regular basis to
conduct the recruitment. During CR, all patients will
receive information about the study orally, as well as a request of whether they have interest in taking part in the
study. If the participants are willing and able to participate
in the study, they will get an appointment for baseline assessment at the time they complete the CR program. Prior
to baseline assessment, the participants must provide a
written informed consent. Figure 1 presents the planned
flow of participants in the study.
Inclusion and exclusion criteria

Inclusion criteria are patients who 1) have completed
CR at one of the three CR programs, 2) are forty years
or older, 3) are owner and user of an Android- or Apple
smartphone and 4) are able to read and understand Norwegian or English. Exclusion criteria are 1) ischemia or
arrhythmias uncovered at cardiopulmonary exercise test
(CPET) that gives restrictions equivalent to < 80% of
HRmax or BORG scale < 15 at exercise, 2) muscle- or
skeletal disorders that affect the exercise capacity and
QoL more than their heart disease and 3) severe malignant disease that affects the patient’s life span to a
greater extent than their heart disease.
Randomization

Participants will be randomly assigned at a 1:1 ratio in
variable blocks to the intervention group and the control
group. The randomization will be stratified to ensure
equal numbers of participants from the three different
CR programs in the intervention- and control group,
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Fig. 1 Planned flow of participants in the study

respectively. A computer-generated, permuted block
randomization scheme will be used to allocate the participants. To minimize bias, and to optimize the rigor of
the RCT, a number of methodological factors have been
incorporated into the design of the study. Participants
will be randomly allocated to the groups via concealed
allocation. Due to the nature of the intervention, it is
impossible to blind the participants, nor the supervisor
giving the follow-up, to the allocated groups. However,
assessors for primary outcome measure will be blinded
to the allocated groups. Further, intention-to-treat analyzes will be conducted to reduce bias. This maintains
the random assignment to the groups and imitate the
real-life situation.
Intervention group

The intervention that will be delivered is individualized
follow-up enabled by a smartphone-app. The app that will
be used was developed to guide and help individuals to
change behavior and/or to maintain habits. It permits the
app-user to create and set goals (Fig. 2) with tasks and accompanying reminders. A supervisor has access to an administrator interface (Fig. 3) and may monitor the goals
and tasks of each app-user. In addition, the app-user can
write reflections in the app that the supervisor may read in
the administrator interface. The app itself provides reminders and evaluations of tasks and weekly goal achievement that automatically pop up. In these evaluations, the
app-user has to reply with a red or green face depending

on whether they have completed the planned tasks or not,
in addition to score on a Likert-scale (0–100) to evaluate
the weekly goal achievement.
At baseline, a supervisor will guide each participant in setting individual goals by using elements from motivational
interview. Each participant will be encouraged to set a minimum of one goal, with corresponding achievable tasks to
reach the goal(s). Further, they will receive access to the app,
as well as guidance in how to use it. The participant will decide when and how often reminders of the tasks should appear on their smartphone. The lower limit of amount of
reminders will be one reminder each week for each task.
There will not be any upper limit. During the follow-up
period, the participants will receive short, tailored and individualized motivational feedback directly through the app,
one to three times a week, as well as comprehensive individual feedback through e-mail once a week for the first 12
weeks, and every fourth week rest of the year. All individual
feedback will be given based on what the participants have
done, not done and/or their reflection notes. Participants
can submit questions to the supervisor at any time, receiving
an answer within two working days throughout the year. If
the questions are medically related (e.g. changing medication
or chest pain), they will be advised to contact their general
practitioner. The participants will be monitored and
followed for 12 months, by the same supervisor that includes
the participants at baseline. The follow-up will be given regardless of whether the participant has used the app. In such
cases, the feedback is likely to be of a more general nature.
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Theoretical background of the intervention

The intervention in this study is based on the transtheoretical model of behavior change, also known as the
stages of change model [14]. According to this model,
health behavior change involves progress through six
stages of change: precontemplation, contemplation,
preparation, action, maintenance and termination [14].
In this connection, motivational interviews can be used
to help individuals acquire motivation to change a particular behavior through collaboration, evocation, autonomy and exploration [15]. Through baseline assessment,
all participants in the study will be guided in setting
their own goals, that are small, important to themselves,
specific and realistic to achieve [16]. The transtheoretical
model takes into account that behavior change is a
process over time, and that the need of support may be
different in different stages [14]. The fact that the monitoring is given by a real person (the supervisor) in this
study enables consideration of which stage of change
each participant is in at all times. Thereby it is more
likely that the feedback actually supports the participant
in the change process, as the feedback may feel more
apt. This is important as change through the six stages
rarely occurs in a linear manner [14].

Control group

Fig. 2 User interface of the app, showing the individual goals

Fig. 3 Administrator interface, showing one goal with related tasks

Participants allocated to the control group will receive
treatment as usual. As a part of the baseline assessment,
the researcher will guide each participant in setting individual goals by using elements from motivational interview. They will be encouraged to maintain or improve
their current physical activity level, exercise habits and/
or a heart healthy diet, depending on their own goals
and needs. They will be contacted approximately five
weeks before their follow-up assessment at 12 months.
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Outcomes

Health status

The primary outcome measure will be change in VO2peak.
Secondary outcome measures will include exercise performance, QoL, health status, health literacy, selfperceived goal achievement, exercise habits, body weight,
blood pressure, lipids and triglycerides.
All assessments will be performed at baseline and at
12 months. Outcome measures will be conducted at the
same CR center as the participants were attending CR.
At baseline, when the participants complete their CR,
demographic data, including individual goals for the next
year, will be collected. The assessments will be administrated in a standardized way, which means that all
assessments for each participant will be carried out in
the same order.

Health status will be measured with EQ-5D [23]. EQ-5D
consists of five questions with five answer options to
each question, where a score of 1 is the best possible
score and 5 is the worst possible score [23]. In addition,
EQ-5D consists of an over-all health question (EQ-VAS)
where the patient answers on a Likert-scale (0–100,
where 0 represent the worst possible health and 100 is
the best possible health) [23].

Peak oxygen uptake

The participants will perform a CPET before entering
the study to ensure eligibility and to measure VO2peak.
Relative VO2peak (ml/kg/min) will be the primary outcome. VO2peak will be conducted and analyzed using
Vyntus CPX (Vyaire Medical, Höchberg, Germany) at
one of the CR centers. At the other center, Schiller
Ganshorn Ergo Spirometry (Schiller AB, Baar,
Switzerland) will be used. Two standardized protocols
are drafted on a treadmill. The walking protocol
starts at 3.5 km/h and 0% incline for 2 min, followed
by increased velocity by 0.5 km/h and inclination by
1% per minute. When 6 km/h is reached, only incline
increase each minute with 2%. The running-protocol
starts at 5 km/h and 0% inclination for 2 min,
followed by increased velocity by 1 km/h and 2% inclination respectively every other minute. The same
treadmill protocol will be used at baseline and followup.

Health literacy

Health literacy will be measured with HLS-Q12 which is
a short version of the European Health Literacy Survey
Questionnaire [24]. Health literacy can be defined as an
individual’s cognitive and social skills which determine
motivation and ability to gain access to, understand and
to use information in such a way that promote and
maintain good health [25]. Health literacy is believed to
have a vital impact on public health, and low health
literacy has been related to unhealthy behaviors [26].
Self-perceived goal achievement

Self-perceived goal achievement for each goal, decided
by the participant at baseline, will be assessed on a
Likert-scale (0–100, where 0 represent far away from
reaching the goal and 100 that the goal has been
reached).
Exercise habits

Exercise habits will be assessed through the standardized
consultation and will be defined as mean exercise sessions each week for the last year. In this context, an exercise session is defined as structured activity lasting at
least 30 min where you get both sweaty and breathless,
and you feel like taking a shower afterwards.

Exercise performance

Exercise performance will be evaluated as time to exhaustion, peak incline (%) and peak velocity (km/h) on
the treadmill. Each minute increase in maximal treadmill
time between pre- to post-test has shown to correspond
with 8% decrease in risk mortality in healthy and unhealthy men [17].

Body weight

Body weight will be measured prior to the CPET at both
baseline and follow-up. The same equipment will be
used to measure weight of the participants at pre and
post-test. Participants will be weighed without shoes,
wearing exercise clothes.

Quality of life

Quality of life will be measured using HeartQoL. This is
a health-related quality of life questionnaire and has
been found to be both valid and reliable in patients referred to CR. This includes patients with angina, myocardial infarction and heart failure [18], stable coronary
artery disease [19], atrial fibrillation [20], as well as patients with implantable cardioverter defibrillators [21]
and patients following heart valve surgery [22].

Blood pressure

The assessor of the primary outcome (blinded for group
allocation) will also measure blood pressure prior to the
CPET. Measurement will be done manually, preferably
on the left arm. Participants will be sitting on a chair
relaxing for 3–5 min before measurements will be done.
Three measurements will be performed, of which the
lowest measured value will be used.
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Blood samples

Blood samples including LDL cholesterol, HDL cholesterol, total cholesterol and triglycerides will be evaluated.
Participants will be encouraged to take fasting blood
samples at their general practitioner at inclusion to the
study and at follow-up. They are asked to bring the results to baseline and the 12 months assessment.
Statistical procedures

The results of the study will be reported in accordance
to CONSORT statement [27]. Statistical analysis will be
performed using SPSS or a similar statistical package.
Descriptive data will be reported for variables of interest
and will be reported as mean (standard deviation), median (range) or numbers (percent) as appropriate. The
data will be analyzed following the intention-to-treat
principle. Prospective differences in primary and secondary outcomes and baseline characteristics between the
intervention group and the control group will be
assessed by t-tests for continuous and normally distributed variables and with non-parametric tests for categorical variables. To control for confounding of between
group differences, multiple linear regression modelling
will be used. We expect few or none missing data in
baseline characteristics. However, due to possible dropouts or participants unable to complete some of the outcome measurements, there might be missing data for
both primary and secondary outcome measures at
follow-up. Missing data will be assessed and analyzed
with appropriate methods. All tests will be two-sided. A
plan for statistical analysis will be performed in advance
of each paper from the study.
Sample size

The sample size has been estimated from the primary
outcome, peak oxygen consumption (VO2peak). A difference of 3.5 ml/kg/min in VO2peak is regarded to be clinically relevant due to respectively 12–13 and 17%
improvements in survival in men and women, with and
without coronary heart disease [28–31]. The associated
standard deviation was estimated to be 6 ml/kg/min
based on the feasibility study conducted in the population [13]. This implies a moderate effect size (0.58).
Given a power of 80% and level α = 0.05, a sample size
of 47 in each group will be sufficient to detect a clinically relevant difference between groups. To allow for a
20% dropout, we aim at including 113 participants.

Discussion
To our knowledge, this will be the first study to examine
the effects of one-year individualized follow-up with an
app after completed CR, aiming to promote adherence
to lifestyle advice. We anticipate that the intervention
described will have a positive impact on the primary
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outcome, VO2peak, as well as secondary outcomes such
as exercise performance, body weight, QoL and selfperceived goal achievement. If the intervention proves to
be effective, we will be able to support participants in
the intervention group to adhere to lifestyle advice and
thereby maintain the beneficial effects they have
achieved in CR, which has proven to be difficult for the
patient population several times [5, 32, 33]. Additionally,
by evaluating the impact of the intervention, we hope to
contribute to fill the knowledge gap that has been addressed by previous research in the field [3, 6, 9, 12, 34],
and it is reasonable to assume that the study may be
groundbreaking. Due to the large sample size and the
theoretically based intervention, the study has the potential to generate new knowledge that may improve the
design of future technology-based follow-up interventions of patients that have completed rehabilitation.
The intervention to be evaluated in this study can
be considered as a complex intervention, and therefore we will have a systematic approach as desirable
in such interventions [35]. Methodological issues may
influence the validity, and thereby influence the quality of the study. In the present study, we are particularly concerned with drop-outs and participants
adherence to the intervention, which may threaten internal validity. Despite that there were no drop-outs
in the feasibility study [13], we are not sure whether
participants will participate in the described study for
the whole period or whether they show up for the 12
months assessment. Results from our feasibility study
[13] demonstrated high adherence to the app. However, participants in the feasibility study only received
follow-up for three months. Results from a recent
systematic review on physical activity apps on healthy
individuals, shows more promising results on physical
activity with an intervention duration of less than
three months compared to interventions lasting more
than three months [36]. Participants in the intervention group who don’t use the app for four weeks will
be contacted through e-mail specifically in that regard. If a response is not received within a week, we
will contact the participant by telephone. Regardless
of whether one succeeds in achieving contact with
the participant, the follow-up will take place as described, unless the participant has given notice that
he or she wishes to withdraw from the entire study.
At 12 months assessment, usage of the app, e.g. percentage of answered tasks over the study period, will
be extracted through the administrator interface. This
enables us to review the results against actual usage
of the app. To increase the probability for participants
to show up at 12 months assessment, a notice will be
sent out about five weeks before. In addition, we will
be as flexible as possible with respect to the day of
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the 12 months assessment. Hopefully, this will reduce
drop-outs. Nevertheless, there is a risk for drop-outs
and thereby missing data. Impact of missing data will
be assessed with appropriate statistical methods, e.g.
linear mixed models, multiple imputations and sensitivity analysis.
By following Medical Research Council’s framework in
developing the complex intervention in this study, we
believe that we have done what we can to increase the
quality of the study. In this respect, a clear theoretical
framework is of great importance [6, 35]. Additionally,
techniques such as monitoring of specific and individual
goals, individual feedback and identifying barriers and
developing plans for relapse prevention will be used.
These are techniques which has been demonstrated as
the most effective in post-CR context to increase physical activity in cardiac patients [37].
If the intervention in the described study appears
effective, one of its advantages is its applicability to other
diseases or health challenges where adherence to a
healthy lifestyle after rehabilitation is a challenge. Therefore, if the intervention proves to be effective, a plan for
implementation will be addressed.
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