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ABSTRACT
Introduction  Despite extensive evidence of its benefits 
and recommendation by guidelines, cardiac rehabilitation 
(CR) remains highly underused with only 20%–50% of 
eligible patients participating. We aim to implement and 
evaluate the Country Heart Attack Prevention (CHAP) model 
of care to improve CR attendance and completion for rural 
and remote participants.
Methods and analysis  CHAP will apply the model for 
large-scale knowledge translation to develop and implement 
a model of care to CR in rural Australia. Partnering with 
patients, clinicians and health service managers, we will 
codevelop new approaches and refine/expand existing 
ones to address known barriers to CR attendance. CHAP 
will codesign a web-based CR programme with patients 
expanding their choices to CR attendance. To increase 
referral rates, CHAP will promote endorsement of CR among 
clinicians and develop an electronic system that automatises 
referrals of in-hospital eligible patients to CR. A business 
model that includes reimbursement of CR delivered in 
primary care by Medicare will enable sustainable access 
to CR. To promote CR quality improvement, professional 
development interventions and an accreditation programme 
of CR services and programmes will be developed. To 
evaluate 12-month CR attendance/completion (primary 
outcome), clinical and cost-effectiveness (secondary 
outcomes) between patients exposed (n=1223) and not 
exposed (n=3669) to CHAP, we will apply a multidesign 
approach that encompasses a prospective cohort study, a 
pre-post study and a comprehensive economic evaluation.

Ethics and dissemination  This study was approved by 
the Southern Adelaide Clinical Human Research Ethics 
Committee (HREC/20/SAC/78) and by the Department 
for Health and Wellbeing Human Research Ethics 
Committee (2021/HRE00270), which approved a waiver 
of informed consent. Findings and dissemination to 
patients and clinicians will be through a public website, 
online educational sessions and scientific publications. 

Strengths and limitations of this study

	► The study will apply the model for large-scale 
knowledge translation to implement evidence-
based cardiac rehabilitation into practice.

	► Codesign of telehealth-based cardiac rehabilitation 
with patients and evaluation of patient-reported out-
comes and experiences demonstrate the patient-
centred approach of Country Heart Attack Prevention 
(CHAP).

	► Data linkage between clinical and administrative 
databases will allow an accurate evaluation of the 
model’s clinical effectiveness.

	► Analysis of the cost efficiencies to health services, 
and the cost-benefit to rural patients and families 
will be performed.

	► The CHAP model of care is not culturally tailored to 
the needs of Aboriginal and Torres Strait Islander 
peoples living in rural South Australia.
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Deidentified data will be available from the corresponding author on 
reasonable request.
Trial registration number  ACTRN12621000222842.

INTRODUCTION
Cardiovascular diseases (CVD) are the number one cause 
of death globally, taking an estimated 17.9 million lives 
each year. CVDs are a group of disorders of the heart and 
blood vessels and include coronary heart disease, cerebro-
vascular disease, rheumatic heart disease and other condi-
tions such as heart failure and arrhythmias.1 The rate of 
CVD secondary events globally is estimated to be between 
26% and 50%.1 CVD kills one Australian every 12 min and 
is a major cause of mortality accounting for 43 249 deaths 
in 2019.2

Of particular concern are those Australians living in rural 
and remote areas, who have 90% higher rates of CVD-related 
hospitalisation and 60% higher rates of CVD death than 
those in metropolitan areas.3 The further a person lives from 
a metropolitan centre, the greater their risk of hospitalisation 
and death from CVD.4–6 In South Australia, a southern, central 
state of Australia with 1.76 million inhabitants, approximately 
23% of the population live in regional areas (ie, towns, small 
cities and areas that lie beyond the capital city of Adelaide).7 
Alarmingly, the prevalence of risk factors for heart disease in 
South Australia is higher than the national average8 and the 
age-standardised rate for hospital admissions related to heart 
disease was the third worst among Australian states in 2017 
(120 per 10 000 persons) with some regional areas having 
mortality rates for coronary heart disease 18% higher than 
the state average.5

Cardiac rehabilitation evidence translation gap
Cardiac rehabilitation (CR) is the sum of interventions 
required to ensure physical, psychological and social 
recovery for patients after an acute cardiovascular event.9 
Despite high levels of evidence supporting benefit and 
cost-effectiveness of risk factor modification to reduce 
secondary CVD events through CR,10 Australian and 
international statistics for the past 20 years report that 
only 20%–50% of eligible patients participate.10–12

Historically, CR has been delivered face to face to groups in 
acute hospitals or community centres.13 Alternative methods 
for provision of CR are effective but few have been imple-
mented into practice.13–15 Therefore, we would argue that the 
evidence for strategies to modify risk factors through CR is 
strong but the evidence for the mode of delivery has become 
outdated.14 16 Research on the reasons for non-attendance 
has cited cost and access issues, limited models of care to 
accommodate patients who wish to return to work and a lack 
of person-centredness in service design and delivery.17 This 
particularly affects attendance of women, people with disabil-
ities, rural and remote dwellers and culturally and linguisti-
cally diverse populations.17 Moreover, the COVID-19 public 
health emergency has amplified the barriers on accessing 
centre-based CR.15

Preliminary data and background of the Country Heart Attack 
Prevention Project
Preliminary data and background leading to the Country 
Heart Attack Prevention (CHAP) Project have been devel-
oped over a decade (2009–2018) through a long-standing 
partnership among local researchers, clinicians and 
health service managers. Through this partnership, our 
team have summarised the evidence around CR, identi-
fied local barriers and implemented and measured perfor-
mance of a series of initiatives to improve CR referral, 
attendance and completion.4 9 12 14 17–21 Limited referrals 
to CR, lack of patient-centred approaches and individu-
alised choices, lack of sustainable lifelong commitment 
to CR supported by primary care and heterogeneous CR 
quality have been identified as main barriers.17 21

Limited referrals to CR
A range of factors influence clinicians’ view about CR. 
Our preliminary work showed that clinicians lacking 
cardiac qualifications may have limited knowledge and 
awareness of CR and its benefits.21 Low agreement among 
clinicians on patients who are more likely to benefit from 
CR, clinicians’ personal lifestyle and health belief and 
the knowledge on the availability and quality of local CR 
programmes also impact on referral to CR.21 The lack of 
standard administrative processes of referral and of reli-
able systems to support clinicians with these processes 
has also been identified as reason for limited referrals to 
CR.17 21 To address this, the South Australian Department 
of Health’s (SA Health) Integrated Cardiovascular Clin-
ical Network (iCCnet SA), which is a state-wide provider 
of clinical network support and practice of evidence-
based cardiac care and continuous quality improvement 
servicing regional, rural and remote areas of South 
Australia, implemented the Country Access to Cardiac 
Health (CATCH) programme.18 19 This programme 
includes a central referral process that receives CR refer-
rals for patients discharged from public and private 
hospitals and directs them to a face-to-face or telephone-
based CR service depending on patient’s preferences and 
proximity to a CR community centre.19 In a quasiexper-
imental pre-post analysis conducted in 2015, regional 
and rural locations receiving the telephone-based CR 
programme showed an increase in referral rates (97.3%), 
a reduction in all-cause readmissions (3.4% vs 1.8%, 
p<0.001) and reduced length of stay for those patients 
readmitted (3.5 vs 2.7 days, p=0.001) after the programme 
implementation.19

Lack of patient-centred approaches and individualised choices
The CATCH programme also implemented a telephone-
based CR service that is offered to patients living at 
least 50 km away from a CR service.19 The CATCH 
telephone programme is aligned with findings from a 
systematic review conducted by members of our team 
that showed that individualised telehealth or home-
based CR programmes were effective alternative models 
that are comparable to the traditional hospital and 
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community-based programmes in terms of reducing CVD 
risk factors.14 19 These telehealth options are particularly 
important to Australians living in rural and remote areas 
where distances and lower availability of services amplify 
limitations to CR access.4 6 17 20

Lack of sustainable lifelong commitment to CR supported by 
primary care
Access to a cardiologist is a known enabler of CR uptake.22 
To address the barrier of the shortage of specialists in 
rural and remote areas throughout Australia,23 iCCnet 
has developed a model of care (GP Hybrid network) 
that enables CR delivery through a strong collabora-
tion among general practitioners (GPs), practice nurses 
working in rural and remote areas in South Australia 
and CR nurses working in the CATCH telephone-based 
service.24 This service has been evaluated and has shown 
high attendance and completion rates, and enhanced 
clinical outcomes for patients within 12 months, such as 
improved lipids and diabetes control.24 All these measures 
of performance of the GP Hybrid network were enabled 
by the establishment of the CATCH database by iCCnet. 
This CR data set with standardised electronic data collec-
tion serves to audit and feedback purposes to all public 
face-to-face services and the telephone-based service in 
the state of South Australia.18 25

Heterogeneous CR quality
Quality improvement of CR programmes is associated 
with higher rates of attendance and completion.25 The 
Australian Cardiovascular Health and Rehabilitation 
Association (ACRA) recommends five core compo-
nents for quality delivery and outcomes of CR services—
access to services, assessment and monitoring, recovery 
and longer term maintenance, lifestyle or behavioural 
changes, medication adherence, evaluation and quality 
improvement.9 National quality indicators for CR were 
established by ACRA and the National Heart Foundation 
of Australia in 2019.9 However, currently, there is no stan-
dardisation of the CR services and programmes with only 
a few meeting minimum duration standards.26 Therefore, 
there is a large variation across services in terms of the 
content, measures, the number of sessions and length of 
the CR programme.

Aims and objectives
The CHAP Project aims to develop and implement 
evidence-based approaches to address modifiable barriers 
to accessing and successfully completing CR in rural and 
remote areas of South Australia.

We hypothesise (H1) that compared with patients not 
exposed to the CHAP model of care (ie, receiving stan-
dard care), patients exposed to CHAP will have higher 
rates of attendance and completion of CR, higher rates of 
risk factor modification and higher rates of adherence to 
evidence-based pharmacotherapy; and experience lower 
rates of morbidity and mortality at 30 days and 12 months 

and that the model will demonstrate cost-effectiveness for 
both services and patients.

Specific objectives of the CHAP Project are to:
1.	 Adopt a patient-centred approach by codesigning the 

CHAP model of care with patients’ family and clini-
cians and evaluate the impact on CR attendance and 
completion.

2.	 Evaluate the clinical effectiveness of the CHAP model.
3.	 Evaluate the cost-effectiveness of the CHAP model.

METHODS AND ANALYSIS
Research design
The CHAP Project is implementing a model of care within 
the real world. To understand and observe the various 
implementation activities and evaluate their different 
effects within this complex context of non-linear and 
changing processes and elements, we will apply multiple 
research methods.27

The model for large-scale knowledge translation, which 
is particularly useful for large-scale collaborative projects 
involving researchers and clinical staff, is a generalisable 
translation model that will be used to facilitate implemen-
tation of evidence-based interventions into practice.28 The 
first three of the four stages of the model for large-scale 
knowledge translation (1. Summarise the evidence; 2. 
Identify local barriers, and 3. Measure performance) have 
been completed in the decade (2009–2018) of preliminary 
work by researchers in our team and included (1) system-
atic review on the effectiveness of alternative modes of 
delivery of CR14; (2) identification of local barriers to CR 
attendance17; (3) the establishment of a central referral 
system (CATCH central referral system) and telephone-
based programme (CATCH telephone programme)18 19; 
and (4) clinical database (CATCH database).18

The fourth stage of the model is the final and most 
complex one—Ensure all patients receive the intervention. The 
model uses a ‘four Es’ approach to improve reliability: 
engage, educate, execute and evaluate28 (figure 1). This 
is the stage that will be developed in the CHAP Project. 
The CHAP model of care must consider the context, 
local culture and resources of each hospital and health 
networks in the current system.

To complete this stage, the team will work closely with 
health networks and CR services addressing barriers to 
implementing the CHAP model of care in rural and 
remote areas of the state (figure 2).

The evaluation of the CHAP model of care will 
comprise both clinical (objective 2) and cost-effectiveness 
(objective 3) assessments, and will involve a multimethod 
approach:

1. A prospective cohort study comparing attendance 
and clinical outcomes of patients exposed and non-
exposed to CHAP—the cohort of patients eligible to CR 
will be followed up for 12 months from CHAP implemen-
tation and outcomes will be compared between those 
exposed to the CHAP model and those not exposed to the 
model of care. Attendance will be defined as attendance 
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to ≥1 CR programme session. Completion was defined 
as attendance to at least 75% of the CR sessions.29 The 
exposed and non-exposed groups will be age, sex and 
diagnostic-related group (DRG) matched controls in a 
1:3 ratio.30

2. A pre-post study design comparing outcomes before 
(1 January 2016 to 30 June 2021) and after CHAP imple-
mentation (1 July 2021 to 30 June 2023). A comprehen-
sive economic analysis will be performed to evaluate the 
cost efficiencies to health services, and the cost-benefit to 
rural and remote patients and families.

Setting
The CHAP model of care will be implemented within the 
six local health networks in regional, rural and remote 
South Australia through iCCnet.18 The iCCnet is part of 
the Rural Support Service which is a business unit within 
the South Australian Health Service that provides flex-
ible, responsive and innovative services to support the six 
regional local health networks. Regional health services 
are delivered to a population of 497 003 people with the 
following age group distribution: 0–4 years (5.82%), 5–18 
years (17.52%), 19–64 years (56.68%) and 65 years and 
over (19.98%). There are 23 CR services and the CATCH 
telephone service.31

Participants
Eligible participants will be defined according to current 
international guideline criteria32 by DRGs based on the 
International Classification of Diseases-10 codes, and 
the current guidelines for those who are eligible for 
referral to CR include: acute myocardial infarction (I21, 

Figure 1  Using the model for large-scale knowledge translation to develop Country Heart Attack Prevention (CHAP). CR, 
cardiac rehabilitation.

Figure 2  Addressing the barriers through the Country Heart 
Attack Prevention (CHAP) model of care (exposure) according 
to the fourth stage of the model for large-scale knowledge 
translation (‘Engage, Educate, Execute, Evaluate’). CATCH, 
Country Access to Cardiac Health; CR, cardiac rehabilitation; 
GP, general practitioner.

https://www.sahealth.sa.gov.au/wps/wcm/connect/public+content/sa+health+internet/about+us/our+local+health+networks/regional+health+services/about+regional+health


5Beleigoli A, et al. BMJ Open 2022;12:e054558. doi:10.1136/bmjopen-2021-054558

Open access

I21.0, I21.1, I21.2, I21.3, I21.4, I21.9), hypertensive heart 
disease (I11.0, I11.9, I13, I13.0, I13.2, I13.9), ischaemic 
heart disease (I20–I25), arrhythmias (I48, I48.0, I48.1, 
I48.2, I48.3, I48.4, I48.9, I49.9) and/or heart failure (I50, 
I50.0, I50.1, I50.9).33 Eligibility will also be defined based 
on DRG procedure codes for coronary artery surgery, 
percutaneous coronary intervention and ventricular 
assist device.34

All adult (≥18 years) South Australians, including 
Aboriginal and Torres Strait Islander peoples, discharged 
from hospital with a diagnosis that meets the eligibility 
criteria to CR (acute myocardial infarction, hypertensive 
heart disease, ischaemic heart disease, arrhythmias, and/
or heart failure, coronary artery surgery, percutaneous 
coronary intervention and ventricular assist device)33 and 
living within the six local health networks in regional, 
rural and remote areas will be exposed to the CHAP 
model of care. The comparison group (non-exposed to 
CHAP) will comprise age, sex and DRG matched controls 
not living in these regional, rural and remote areas.

With approximately 60% of the Aboriginal and Torres 
Strait Islander populations of South Australia living 
outside major cities in regional and remote areas,35 it is 
likely that a number of these individuals will be exposed 
to the CHAP model of care. However, we acknowledge 
we are implementing standard guidelines that may not 
suit these groups. A future project to culturally adapt 
the CHAP model of care using appropriate Aboriginal 
and Torres Strait Islander translation methodology is 
warranted. There will be no stratification by Aboriginal/
indigenous status in this study.

Exposure: the CHAP model of care
Exposure to the CHAP model of care will be defined as 
an individual, professional or service receiving at least 
one of the approaches proposed to address four different 
local barriers to CR attendance and completion that were 
previously identified by this team (figure 2).

Limited number of referrals
We will address the limited number of referrals by 
promoting CR endorsement among clinicians and 
providing them with an electronic system that facilitates 
referrals.

To increase CR endorsement, we will codesign educa-
tion resources with clinicians including evidence-based 
pharmacotherapy resources, and a variety of paper-based, 
videos and web-based education resources. One example 
of this is the ‘Recommend video wall’ which was produced 
by the CHAP Project through collection of testimonies 
from patients who undertook CR and multidisciplinary 
teams working in hospitals and CR services who recom-
mend CR.36 This video wall has been displayed in events 
with professionals and patients and websites of organisa-
tions such as ACRA and Heart Foundation as a tool to 
promote endorsement to CR. This will ensure that health 
professionals and CR patients’ needs are addressed 
regardless of technology literacy levels.37

We will expand the capabilities of referral introduced 
by the CATCH central referral system by developing an 
automatic electronic referral system that will streamline 
in-hospital referrals. A central portal for patient discharge 
reports will provide contact information on patients who 
have been discharged with applicable codes. Currently, 
these reports are run from several different databases 
and have the potential to miss patients living in rural and 
remote areas. We will first have automatic reports gener-
ated from information taken from the health department 
(SAH DataMart). This will all run on the back end of the 
Integrated Point of Care Clinical System (iPOCCS)38 in 
which an Excel document is generated daily, reporting on 
the previous 24 hours of discharged patients. A Uniform 
Resource Locator will be sent to designated users allowing 
them to log on to iPOCCS and download the file.

Lack of patient-centred approaches and individualised choices
Face-to-face and telephone services are well established as 
modes of CR delivery in rural South Australian regions.19 
Despite variability in duration and content, these 
CR programmes are generally based on the National 
Heart Foundation of Australia32 and ACRA guidelines9 
comprising 10 modules (initial assessment and goal 
setting, heart education and self-management, exercise 
training and physical activity, healthy eating and weight 
management, tobacco cessation and alcohol reduction, 
medication education and review, managing medical risk 
factors, psychosocial well-being, activities of daily living, 
reassessment and completion) which are delivered over 
6–12 weeks depending on patients’ needs and decisions 
from services.

To expand the choices of CR modes of delivery, CHAP 
will codesign with patients living in rural areas a web-based 
programme accessed through a personal log-in. The user 
experience (UX) design,39 an established codesign frame-
work, will guide the engagement with end users through 
workshops and the codesign process from concept design 
to completion. A variety of UX design methods will be 
used interchangeably to plan, execute and evaluate the 
workshops. These include cultural probes, heuristic 
evaluation, brainstorming, focus groups and concept 
testing.39 40 The content of the portal will be based on the 
10 National Heart Foundation of Australia modules.9 32 
Individualised programmes will be tailored according to 
patients’ needs. The anticipated duration of each web 
module completion is 30 min/week.40 Those in the web 
delivery mode will be required to read short texts, watch 
short videos (about five per module), set personal goals 
and self-report their dietary, physical activity, smoking and 
alcohol ingestion habits weekly through responding to 
online questionnaires on the website. The web portal will 
have a function to collect physical activity data from wear-
ables and smartphone apps patients may use. Patients will 
be able to interact with a CR nurse through a message 
system embedded in the web portal. They will be asked 
to complete four Heart Health Risk Factor assessments 
(baseline, 8–12 weeks after starting CR, 6 and 12 months 
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after completing CR). These assessments will comprise 
clinical and patient-reported outcome measures (PROMs) 
assessment using validated questionnaires that assess life-
style habits, exercise capacity, quality of life and mental 
health (table 1). Six-month and 12-month follow-up will 
be performed by the patient’s primary care physician.

Patient and public involvement
The CHAP model of care is underpinned by a patient-
centred approach. Patient-centred care or person-centred 
care is based on principles that those receiving healthcare 
must be treated with dignity and respect and be involved in 
all decisions about their health.41 This approach is applied 

in this study through involvement of patients in the code-
sign of the CR web programme40 and development of a 
model that allows patients to choose among different CR 
modes of delivery (face to face, telephone or web based, 
or combinations of these modes—figure 2).19 41 42 We will 
particularly promote the participation of older CR patients 
and people from cultural and linguistically diverse back-
grounds to ensure that groups at increased risk of low 
technology and health literacy are involved in the code-
signing of the web-based CR programme. We anticipate 
this will increase patient adherence and engagement with 
the web-based CR programme.42

Table 1  Primary and secondary outcomes, measurements and sources of data

Primary outcomes Measures/instruments

Attendance
Completion

Number of patients participating in at least one session
Number of patients participating in at least 75% of all sessions

Attendance
Completion

Number of patients attending ≥1 session among the eligible ones/year
Number of patients completing ≥75% of all sessions among the eligible ones/year

Secondary outcomes

CR referral rates Number of patients referred to CR/eligible to CR/year

30-day and 12-month hospital CVD-
related hospital readmission

Assessed through the linkage between the South Australian CR database and 
SA Health administrative databases. Each cardiac admission will be counted 
as a single separation, with admissions involving transfer(s) merged as one. 
Readmission within 24 hours will not be counted as a new event.

30-day and 12-month CVD-related 
mortality

Assessed through the linkage between the South Australian CR database and SA 
Health administrative databases.
CVD

30-day and 12-month emergency 
department (ED) presentation

Assessed through the linkage between the South Australian CR database and SA 
Health administrative databases. Each ED presentation resulting in a separation 
will be considered a single hospitalisation. New ED presentation within 24 hours 
will not be counted as a new event.

Cardiovascular risk factor modification

Smoking Self-reported number of cigarettes

Alcohol intake Self-reported grams of alcohol consumed/week

Body mass index Self-reported weight and height

Nutrition Commonwealth Scientific and Industrial Research OrganisationHealthy Diet 
Score58

Diabetes control HbA1c

Exercise, physical activity and functional 
capacity

6 min walk test59

International Physical Activity Questionnaire-Short Form60

Specific Activity Questionnaire61

Medication adherence Adherence in Chronic Diseases Scale62

Patient-reported outcome measures (PROMs) and patient-reported experience measures (PREMs)

Anxiety Cardiac Anxiety Questionnaire63

Depression PHQ-2, PHQ-964

Quality of life* EQ-5D-5L52

Kansas City Cardiomyopathy Questionnaire-1265 (for patients with heart failure)

Health literacy Brief Health Literacy Screening Tool66

Patient satisfaction Self-reported satisfaction

CR, cardiac rehabilitation; CVD, cardiovascular disease; EQ-5D-5L, European Quality of Life-5 Dimensions-5 Levels; PHQ-2, 2-question 
Patient Health Questionnaire; PHQ-9, 9-question Patient Health Questionnaire; SA Health, South Australian Department of Health.
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Updating the modalities of telehealth that are currently 
available will allow for greater flexibility of CR delivery 
which can improve access for patients in need. Impor-
tantly, this also provides an appropriate response to the 
COVID-19 pandemic when traditional CR service delivery 
is disrupted.15 43 44

Lack of sustainable lifelong commitment to CR supported by 
primary care
CHAP Project will build on the GP Hybrid model of 
CR delivery by creating a business model which allows 
primary care to support CR delivery and assessment of 
CR results (risk factor change) of patients undertaking 
telephone and web-based CR. The model will comprise 
a ‘Heart Health Risk Factor’ preassessment at the begin-
ning of the programme (ie, 1–2 weeks after discharge) 
which will last 75 min (60 min with a practice nurse and 
15 min with the GP). Reassessments will occur at 8–12 
weeks after the beginning of the programme, and 6 and 
12 months after completion of the CR programme. These 
will comprise 45–60 min consultations with the practice 
nurse and 15 min consultations with the GP. This has 
potential to enable long-term support for heart health 
from GPs.

Heterogeneous CR quality
The CHAP Project will seek adherence to the quality indi-
cators through multiple online and offline professional 
development programmes targeting the practitioners, 
development of an accreditation programme and refine-
ment of data collection tools on the national CR quality 
indicators. In particular, the project will try to integrate 
objective patient-generated physical activity tracking data 
to the CATCH CR database to enable objective moni-
toring of physical activity during CR and personalised 
feedback.

Outcomes
Primary outcomes—CR attendance rate defined as the 
number of patients commencing CR (≥1 session) among 
those eligible to CR. Completion rates defined as the 
number of patients attending ≥ 75% of CR sessions.

Secondary outcomes—will compare risk factor modifica-
tion, clinical outcomes, PROMs and patient-reported 
experience measures of the CHAP and non-CHAP 
groups. Measurements, tools and questionnaires and 
data sources for the secondary outcomes are presented 
in table 1. The selection of validated tools and question-
naires followed extensive consultations with CR clinicians 
about their preferences and implications of the tools to 
documentation time and costs to the services.

Data sources
The South Australian CR clinical database (the CATCH 
database) collects data uniformly across metropolitan, 
rural and remote areas using a standardised electronic 
entry process, including electronic data capture, of 
patients moving through public CR services from rural 
and remote to a metropolitan hospital or vice versa.19 This 

database will be linked to the SA Health administrative 
database, enabling follow-up and assessment of hospital 
readmissions, emergency department presentations and 
mortality.45 This data linkage approach is similar to the 
one used to audit the CR services in South Australia from 
2013 to 2015.12

Bias
To avoid information bias (ie, systematic differences 
in the completeness or the accuracy of data leading to 
differential misclassification of individuals regarding 
exposures or outcomes), we are upskilling clinicians to 
input data onto the CR databases as part of continuous 
quality improvement processes. The goal is to fill the gap 
of scarcity of data on CR data in Australia46 and achieve 
universal, uniform data entry in South Australian CR 
programmes.

Sample size
The average state-wide attendance of CR from 2013 to 
2015 was 28.3% (pre-CHAP estimate).10 Based on a 4% 
improvement in attendance (ie, to 32.3%) as reported by 
the British Association for Cardiovascular Prevention and 
Rehabilitation audit,47 a total sample size of 1223 (CHAP) 
and 3669 (usual care, 1:3 matching) will produce a two-
sided 95% CI for the difference in population propor-
tions with a width that is equal to 0.06. Allowing for a 20% 
dropout, we will need to observe 1529 patients (765 per 
year) in the group exposed to CHAP that will be matched 
to 4587 patients in the group non-exposed to CHAP 
(usual care) from the CATCH database. From 2015 to 
2019, approximately 2000 patients were entered into the 
CATCH CR database per year making this study highly 
feasible.

Data analysis
To evaluate the effectiveness of CHAP (objective 2)
Unpaired t-tests, χ2 tests and Mann-Whitney U tests for 
non-normal data will be used for comparisons for the pre-
post analysis of the CHAP model components. Statistical 
significance will be inferred if two-tailed tests estimated 
p<0.05. Rates of referral, attendance and completion 
of CR per year; modification of risk factors; and adher-
ence to evidence-based pharmacotherapy morbidity and 
mortality at 30 days and 12 months will be compared 
between CHAP and non-CHAP attendees and presented 
as ORs and 95% CIs. Matching will be conducted by 
grouping all cases and controls into relevant groupings 
of age, sex and DRG and analysed using the Mantel-
Haenszel methods.48

Cox regression models adjusted for clinical and social 
factors (age, sex, the Index of Relative Socio-economic 
Advantage and Disadvantage from the Australian Bureau 
of Statistics’ Socio-Economic Indexes for Areas score,49 
Accessibility and Remoteness Index of Australia,50 primary 
cardiac diagnosis, Charlson Index,51 in-hospital length of 
stay, prior heart failure, coronary disease, atrial fibrilla-
tion, revascularisation, malignancy) will be performed 
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to understand the association between exposure to the 
CHAP model and attendance. For clinical outcomes (30-
day and 12-month hospital CVD-related hospital readmis-
sion, 30-day and 12-month CVD-related mortality), the 
model will also be adjusted for CR attendance.

To evaluate the cost-effectiveness of CHAP (objective 3)
The economic evaluation of the CHAP model including 
the business model (explore the item numbers that can 
be used to cover GP-based CR and items that can be used 
to employ and train practice nurses to assist with assess-
ment, monitoring, collection of outcome data and triage 
to maximise GP consultation time) that involves primary 
care in CR delivery will comprise: (1) the cost efficien-
cies to health services, and (2) cost-benefit to rural and 
remote patients and families.

The cost efficiencies to the health services
All CVD hospitalisations during the follow-up period will 
be included and assigned a cost, based on the diagnosis-
related group category reference and length of stay. 
Costs of providing CR will be taken from a health system 
perspective and calculated over 1 year; this includes 
staffing, consumables, overheads and capital expenses. 
Quality-of-life measures will be estimated at baseline, and 
6 and 12 months after CR completion, using the stan-
dard European Quality of Life-5 Dimensions-5 Levels.52 
The utility is defined by the Department of Health and 
Ageing as a numerical value assigned by an individual to a 
preference for, or desirability of, a specific level of health 
status or a specific health outcome. Data on utilities and 
survival can be combined to calculate quality-adjusted 
life-year (QALY) by exposed and non-exposed groups 
using the quality-adjusted survival analysis method.53–55 
Incremental cost per QALY saved will be calculated as an 
incremental (rehabilitation vs usual care) cost per patient 
divided by the incremental QALY per patient.56

Cost-benefit to rural and remote patients and families
Using an economic survey developed by the Western 
Australian Department of Health,57 we will quantify the 
economic impact of the CHAP model based on informa-
tion at baseline including patient demographics such as 
household structure, employment status and the distances 
travelled to access services; the nature of the consultation, 
waiting time, whether the patient required time off work 
(and if so, how much) and the mode of transport used 
to travel to the hospital. The survey will include accom-
panying persons, and if the person required any time off 
work to do so. Finally, the survey will explore the patient’s 
treatment options; for example, did they consider having 
an appointment in the city essential to their care? These 
data will be modelled to compare two scenarios for face-
to-face CR: (1) if the patient travelled to the city to attend 
CR, or (2) if the patient travelled to the nearest rural 
CR programme if this is within 60 min drive (approxi-
mately 100 km). All results will be presented unadjusted 
for multiple comparisons and all analyses will be done on 

an intention-to-treat basis. 95% CIs for the difference in 
QALYs will be calculated with bootstrapping.54

Time frame of the project
The original time frame comprised a 3-year project from 
1 July 2019 to 30 June 2022. Due to the impact of the 
COVID-19 pandemic on the project implementation, 
the project had a 12-month extension and will now be 
complete by 30 June 2023. Years 1–2 will include project 
staff employment and training, development of resources, 
education materials, study protocols, additional data sets 
and ethics approval. Recruitment will be conducted over 
years 2–3 and follow-up over years 3–4.

ETHICS AND DISSEMINATION
Ethics approval and consent to participate
This study was approved by the Southern Adelaide Clin-
ical Human Research Ethics Committee on 28 April 2020 
(HREC/20/SAC/78). The data linkage between the 
South Australian CR clinical database and the Depart-
ment of Health administrative databases was approved 
by the Department for Health and Wellbeing Human 
Research Ethics Committee on 26 August 2021 (2021/
HRE00270). All consecutive patients who are eligible 
for CR according to the recommended DRG codes and 
referred for CR will have consent waiver to have their data 
used for this research.

Dissemination
Findings will be disseminated to patients and health 
professionals using various means and media: a public 
website (https://chapproject.com.au),36 online educa-
tional sessions with patients and health professionals 
working in CR, monthly newsletters sent to participants 
via email, social media (Twitter @CHAPproject, LinkedIn 
CHAP Project and Facebook) and scientific publications 
and conference presentations.
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