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ABSTRACT

Objectives The efficacy of exercise-based cardiac
rehabilitation (CR) for patient outcomes is well established,
with better outcomes when delivery meets recommended
guidelines. The aim of this study was to assess how well
Australian practice aligns with national CR guidelines for
exercise assessment and prescription.

Method This cross-sectional online survey was
distributed to all 475 publicly listed CR services in Australia
and consisted of four sections: (1) Programme and client
demographics, (2) aerobic exercise characteristics, (3)
resistance exercise characteristics and (4) pre-exercise
assessment, exercise testing and progression.

Results In total, 228 (54%) survey responses

were received. Only three of five Australian guideline
recommendations were consistently reported to be
followed in current CR programmes: assessment of
physical function prior to exercise (91%), prescription of
light-moderate exercise intensity (76%) and review of
referring physician results (75%). Remaining guidelines
were commonly not implemented. For example, only

58% of services reported an initial assessment of resting
ECG/heart rate, and only 58% reported the concurrent
prescription of both aerobic and resistance exercise,
which may have been influenced by equipment availability
(p<0.05). Exercise-specific assessments such as
muscular strength (18%) and aerobic fitness (13%) were
uncommonly reported, although both were more frequent
in metropolitan services (p<0.05) or when an exercise
physiologist was present (p<0.05).

Conclusions Clinically relevant deficits in national

CR guideline implementation are common, potentially
influenced by location, exercise supervisor and equipment
availability. Key deficiencies include the lack of concurrent
aerobic and resistance exercise prescription and infrequent
assessment of important physiological outcomes including
resting heart rate, muscular strength and aerobic fitness.

INTRODUCTION

Cardiac rehabilitation (CR) programmes
include multidisciplinary interventions to
improve health-related outcomes and reduce
cardiovascular (CV) risk factors like physical
inactivity, obesity, poor diet and smoking.'

,! Jonathan Freeston @ ,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The efficacy of exercise-based cardiac rehabilitation
(CRY) is well established.

= Better patient outcomes when delivery matches
guideline recommendations.

= How well Australian CR adheres to national guide-
lines has not yet been evaluated.

WHAT THIS STUDY ADDS

= Only three Australian guideline recommendations were
consistently reported in current CR programmes: (1)
assessment of physical function prior to exercise, (2)
review of referring physician results and (3) prescription
of light-moderate exercise intensity.

= Guideline implementation was suboptimal for base-
line haemodynamic assessment and the concurrent
prescription of both aerobic and resistance exer-
cise—elements that are associated with enhanced
safety and better patient outcomes.

= These deficiencies were more prevalent in regional/
remote settings, without exercise physiologist su-
pervision, and limited access to equipment. Given
that Australian guidelines are themselves less rig-
orous/concordant with existing evidence than in-
ternational ones, this implementation gap is highly
relevant to effective clinical practice.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Future studies should include on-site auditing of CR
protocols and outcomes to confirm the survey find-
ings and evaluate future guideline adherence.

= Nationwide reporting of individual programme out-
come data, including patient-reported outcomes,
is needed to evaluate and benchmark quality and
effectiveness.

= An update to the outdated national guidelines in
conjunction with an educational initiative to aid
dissemination is necessary to align service delivery
with current evidence.

CR reduces the rate of CV complications
following acute cardiac events, surgical
interventions and chronic heart failure, and
CV and all-cause mortality.? In addition, CR
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improves quality of life, and reduces the risk of hospital
readmission and mortality in both coronary artery
disease® (CAD) and heart failure.” In CAD specifically,
aerobic exercise has been shown to reduce the rate of
restenosis following angioplasty,’ in conjunction with
favourable changes in aerobic capacity and vascular func-
tion.”

CR practice in Australia is informed by: (1) a 2004
national framework from the National Heart Foun-
dation of Australia (NHF),® (2) a 2015 guidance
document outlining the core components of CR from
the Australian Cardiovascular Health and Rehabilita-
tion Association (ACRA)” and (3) a 2020 standardised
programme resource from the Victorian branch of the
NHE® All three recommend light-moderate intensity
aerobic exercise in addition to a comprehensive baseline
assessment of clinical history and functional capacity.
Both Australian and international guidelines also recom-
mend resistance training to augment aerobic fitness and
muscular strength,” citing no additional risk of adverse
CV events.'’ This strong and consistent body of evidence
has led to both aerobic and resistance exercise being
included in both Australian and international CR guide-
lines'' (see online supplemental tables 1 and 2), although
no prescriptive detail for resistance exercise is present in
Australian guidelines.

Given that benefits of CR are expected when it is
implemented with fidelity to guidelines, it is important to
investigate how well Australian CR programmes adhere
to current recommendations regarding optimal assess-
ment and exercise prescription. Although previous CR
surveys have described service characteristics, cohort
demographics and broad exercise prescription prac-
tices,"* ™ they have not included details on pre-exercise
assessment, exercise modality and intensity, detailed anal-
yses of potential factors, which may influence exercise
testing and prescription, or concordance with national
guidelines. Therefore, this investigation will gather infor-
mation on current exercise assessment and prescription
practices in Australian CR services to (1) evaluate the
current state of practice and its fidelity to national guide-
line recommendations and (2) explore factors which
may influence the effectiveness of CR service delivery
around Australia.

METHODS
The study was a cross-sectional survey of all publicly listed
CR services in Australia, correct on 27 January 2017.
Potentially eligible services were identified from the
publicly available online directory, hosted on the ACRA
website.'* Any services providing only telephone infor-
mation were contacted to request email information. No
exclusions were made based on any information provided
within the database such as rehabilitation phase, type of
services offered, location or funding model.

The survey was distributed via email on 1 February 2017
and was available for 4 weeks, with data collection ceasing
on 28 February 2017. An initial email was distributed

to the programme manager for all eligible services,
outlining the purpose of the study and inviting them to
complete the online survey. For emails that were ‘unde-
liverable’, a single follow-up telephone call was made to
request updated email details. Two reminder emails were
sent 1 and 3weeks after the initial email to services who
had not completed the survey nor declined participation
in the study. To encourage completion, participants who
completed the entire survey were entered into a prize
draw for a tablet computer, fitness watch or small gift
voucher.

The survey was hosted and designed within the Survey
Monkey website!® and consisted of four sections: (1)
programme and client demographics, (2) aerobic exer-
cise training characteristics, (3) resistance training
characteristics and (4) pre-exercise assessment, exer-
cise testing and progression. Section 1 collected basic
programme and client details including location,
remoteness (defined using postcode and the Australian
Statistical Geography Standard classifications),'® phase
of rehabilitation, typical diagnoses, sex proportion, age
range and supervisor qualification details. Sections 2 and
3 collected information on the use of aerobic and resis-
tance exercise respectively, including exercise intensity,
monitoring and reasons for selecting specific intensi-
ties. Exercise intensity was defined as per the American
College of Sports Medicine'” and included very light-
light (VOQmaX <45%, Borg RPE <11), moderate (V02max
45%-59%, Borg RPE 11-12), hard (VO,  60%-84%,
Borg RPE 13-16) and very hard-maximal (VO,  >85%,
Borg RPE >17). Section 4 gathered information on the
type of pre-exercise assessment and exercise tests used
and how exercise training sessions were progressed. The
design of previous Australian surveys'> ' was considered
to ensure novel information was collected. The survey
primarily contained categorical variables with the option
to include additional open-ended feedback on each
question. To reflect the variable nature of clinical prac-
tice, participants could choose more than one option for
many questions.

At the conclusion of data collection, survey responses
were downloaded from Survey Monkey and stored on
secure servers hosted by the University of Sydney. Data
were subsequently coded and analysed using the SPSS
Statistical Software V.22 (IBM). Incomplete surveys were
not excluded from final analyses, however, analyses at the
question-level included all available and valid responses.
Categorical variables are presented as number (n) and
proportion of overall responses to each individual ques-
tion (%). Where appropriate, categories were collapsed
for more concise and simplified comparisons, for
example, exercise intensities ‘vigorous’ and ‘maximal’
were collapsed into a single ‘vigorous-maximal’ category
(online supplemental table 3). Dependent variables
were defined a priori as service demographics, screening
and assessment type, exercise frequency and exercise
intensity. Exploratory analyses examining potential rela-
tionships between dependent variables and categorical
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Total Listed Contacts
n=475

Failure to deliver error
n=53

Email contact received
n =422 (100%)

Refusalto participate or non-
|| responsive to all contact attempts

n =194 (46%)

Total survey recruits
n =228 (54%)

[

Complete survey
n = 186 (44%)

More than 50%
complete

n=3(1%)

Less than 50%
complete

n=9(2%)

Consent, but
not started

n=30(7%)

Figure 1 Flow of respondents through the recruitment
phase. n, number of respondents; (%), proportion of total
respondents that received email contact.

variables of interest used the Fisher’s exact test statistic,
with p<0.05 accepted as statistically significant. Pearson’s
x” statistic was deemed inappropriate due to the limited
sample size.'® These detailed analyses are presented in
online supplemental tables 4-6, along with OR and 95%
Cls.

RESULTS

The survey was distributed to all 475 contacts listed in
the ACRA database, with 422 emails received. In total,
228 (54%) responded, including 186 (44%) complete
surveys, 12 (3%) incomplete surveys and 30 (7%)
providing only consent but not commencing the survey
(figure 1).

Service characteristics

New South Wales and Victoria represented 48% of total
survey respondents (24% each; table 1). Queensland
and Western Australia had the highest response rates,
with 41% and 38% of listed services responding. The
majority of respondents were located within metropol-
itan (Remoteness Area (RA) 1, 47%) and regional areas
(RA2, 24%; RA3, 13%), with limited respondents in
remote areas (RA4, 1%; RA5, 2%). A median of 2 (range:
1-6) different healthcare professional disciplines directly
supervised exercise in each service. Nurses and physio-
therapists were the most common exercise supervisors
(70% and 68%, respectively), while exercise physiol-
ogists were present in only 30% of services (figure 2).
Compared with regional services, metropolitan services
enrolled more patients aged 50-59 (OR (95% CI): 3.59
(1.27 to 10.15); online supplemental table 4A), more
inpatients (17.76 (2.31 to 136.49); online supplemental
table 4B) and more patients with ‘Other CAD’ diag-
noses (5.92 (1.29 to 27.16); online supplemental table

Table 1 Characteristics of responding services, expressed
as number of survey responses and proportion of responses
within each characteristic

Characteristic (n=198)

Survey responses, n (%)

State
New South Wales 48 (24.2)
Victoria 48 (24.2)
Queensland 31 (15.7)
Western Australia 26 (13.1)
South Australia 15 (7.6)
Tasmania & (1.5)
Australian capital territory (0.5)
Northern territory 1 (0.5)
Not specified 25 (12.6)

Remoteness
Metropolitan (RA1) 92 (46.5)
Inner regional (RA2) 48 (24.2)
Outer regional (RA3) 26 (138.1)
Remote (RA4) 2 (1.0
Very remote (RA5) (1.5)
Not Specified 27 (13.6)

Exercise supervisor*
Nurse 138 (69.7)
Physiotherapist 135 (68.2)
Exercise physiologist 60 (30.3)
Other allied health professional 38 (19.2)
Occupational therapist 7 (8.5)
Medical doctor 2 (1.0

*% reported for each exercise supervisor row.
RA, remoteness area.

4C). Regional services enrolled more patients aged
70+compared with to metropolitan services (0.44 (0.23 to
0.84); online supplemental table 4A). Service remoteness
was not associated with differences in exercise supervisor.

Pre-exercise assessment

The average number of assessments per service was
342, with only two respondents not reporting any initial
screening or assessments (figure 3). Among the three
key assessments recommended in the Australian guide-
lines (see online supplemental table 1), evaluation of
physical function was the only procedure consistently
reported (91%) by participating services. The other two
recommendations, review of referring physician results
and resting ECG or heart rate (ECG/HR), were reported
substantially less often (75% and 58%, respectively). Two
additional assessment domains recommended by interna-
tional (but not Australian) guidelines, aerobic fitness and
cardiac function, were reported infrequently (13% and
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Figure 2 Summary of supervisors overseeing the exercise
component of each programme, expressed as proportion
of respondents (%; n=198). Note that (A) shows prevalence
of supervisors where respondents could select more than
one option, whereas (B) shows the cumulative prevalence
of different supervisor combinations for the three most
prevalent supervisor types. AHP, allied health professionals;
EP, exercise physiologist; MD, medical doctor; OT,
occupational therapist; Phys, physiotherapist; RN, registered
nurse.

11%, respectively). The assessment of muscular strength
was reported by 18% of participating services.
Metropolitan services more frequently assessed aerobic
fitness, strength and resting ECG/HR than regional
services (OR (95% CI): 3.59 (1.27 to 10.15), 5.44 (1.97
to 15.00), 2.29 (1.22 to 4.32), respectively, online supple-
mental table 5C). However, service location was not
associated with the assessment of cardiac function, phys-
ical function, use of a physical examination or review of
referring physician results. The presence of a supervising
exercise physiologist was associated with an increased
frequency of both aerobic fitness (OR (95% CI): 4.39
(1.83 to 10.53), online supplemental table 5F) and
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Figure 3 Summary of screening and testing procedures
conducted prior to first exercise session, expressed as
proportion of respondents (%; n=186). Note that each
respondent was able to make multiple selections.

muscular strength testing (5.00 (2.27 to 11.04), online
supplemental table 5F) compared with services without
an exercise physiologist.

Exercise prescription

Most (97%) programmes prescribed exercise, however,
only 74% and 65% reported ‘always’ prescribing aerobic
or resistance exercise, respectively, with only 58%
reporting they ‘always’ prescribed both types simul-
taneously and were thus concordant with guidelines
to prescribe both exercise modalities. Consistent with
Australian guidelines, moderate intensity exercise was
most consistently reported, making up 70% of aerobic
and 67% of resistance exercise prescription responses,
while 16% and 13% of respondents reported a higher
intensity ceiling for their patients (figure 4). Common
aerobic exercise modalities were indoor cycling (90%),
treadmill walking/running (81%) and indoor/outdoor
walking/running (70%). Resistance exercise was most
commonly performed using free weights (95%), resis-
tance bands (69%) or the patient’s own bodyweight
(68%).

Both aerobic and resistance exercise prescription
frequency and intensity were associated with the exer-
cise equipment used in services. The use of an indoor
cycle, rowing ergometer or any type of resistance training
equipment was significantly associated with a higher
prevalence of concurrent exercise prescription (p<0.05).
Additionally, the services that wused weightlifting
machines more commonly prescribed vigorous-maximal
intensities rather than low-moderate intensities of resis-
tance exercise (OR (95%CI): 4.25 (1.76 to 10.27),
online supplemental table 6H). Somewhat surprisingly,
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Figure 4 Summary of highest reported intensity, expressed
as proportion of respondents (% Aerobic, n=189; resistance,
n=186).

vigorous-maximal intensities of resistance exercise were
also more commonly prescribed than low-moderate
intensities in services using body weight resistance exer-
cises (4.00 (1.14 to 13.97), online supplemental table
6H). Neither remoteness or supervisor discipline were
associated with differences in the intensity or frequency
of aerobic or resistance exercise, nor the concurrent
prescription of both.

Adherence to national/international guidelines was
the most commonly reported reason for exercise intensity
selection in aerobic (80%) and resistance exercise (68%).
During aerobic exercise, respondents more frequently
reported that intensity was selected to minimise cardiac-
related safety concerns than to minimise musculoskeletal
concerns (60% vs 37%, p<0.001), whereas during resis-
tance exercise, musculoskeletal concerns were more
frequently reported than cardiac-related concerns (58%
vs 53%, p<0.001). The most frequently reported ways
that aerobic and resistance exercise were progressed
were through intensity (83% and 86%, respectively) and
volume/time (63% and 75%, respectively). Progression
of exercise via increases in duration or frequency of
sessions was less common, while retesting exercise perfor-
mance to establish a new maximal capacity was reported
by less than 12% of respondents.

DISCUSSION

The key finding of this investigation was that only
three Australian guideline recommendations were
consistently reported in current CR programmes: (1)
assessment of physical function prior to exercise, (2)
review of referring physician results and (3) prescription
of light-moderate exercise intensity. Importantly, current
practices appear suboptimal in elements associated with
better patient outcomes and enhanced safety such as
the pre-exercise assessment of resting ECG/HR and the
concurrent prescription of both aerobic and resistance
exercise, which were not reported by a large proportion
of responding services (42% for both). Exploratory anal-
yses revealed that these deficiencies were more prevalent

in regional/remote settings, without exercise profes-
sional supervision, and limited access to equipment.
Given that Australian guidelines are themselves less
rigorous/concordant with existing evidence than inter-
national ones,'" this implementation gap is relevant to
effective clinical practice, suggesting the need to improve
service delivery in Australian CR.

Our survey fills a significant knowledge gap. Among
previous CR surveys, only four have presented data on
exercise intensity,12 181920 1\v6 within Australia. Our find-
ings share some consistency with results from previous
Australian surveys. Specifically, the majority of survey
responses were from New South Wales and Victoria,"
exercise was commonly supervised by a nurse or physio-
therapist,'” and walking or indoor cycling were the most
common aerobic exercise modes.

Pre-exercise assessments

In concordance with Australian guideline recommen-
dations, assessment of physical function and physician
referral, and prescription of light-moderate exercise
intensity were consistently reported by the majority
of programmes, independent of service location and
supervisor type, and consistent with previous Australian
surveys.'*'¥ High uptake of physical function assessments
may be related to the testing method employed, with the
6 min walk test (6MWT) the most common assessment
of physical function in Australian CR practice.'® Impor-
tantly, the 6MWT is a valid and reliable outcome measure
in CR,*! which has strong prognostic value with mortality
if less than 300 m,* and is easily implemented in most
clinical settings with minimal equipment or personnel
required. Consequently, the 6MWT is recommended in
European guidelines as an accepted assessment of exer-
cise tolerance in CR, where access to an exercise stress
test is not possible.” In the Australian context, where our
study found a low uptake of exercise capacity assessments,
6MWT may be a useful alternate method of assessing
the functional response to CR, where mean pre—post
improvement has been reported to exceed 20% in a
single-centre study of 2524 CR participants.* However,
observational data from Australia suggest that exercise
capacity assessments are needed in practice to accurately
classify initial exercise capacity and subsequently tailor
exercise prescription in CR*

The specific assessment of resting ECG is recom-
mended in major North American and European
guidelines,” ** despite the inconclusive prognostic
benefit in high-risk cohorts.?” In the present study, 42%
of services failed to assess resting ECG/HR. This defi-
ciency was more apparent in regional services compared
with metropolitan ones, and in services not often using
costly exercise equipment, suggesting that funding or
equipment limitations may play a role implementation
of this recommendation. A previous Australian survey
investigating the implementation of psychosocial assess-
ments in CR found that time, funding and resources were
the key barriers to a more comprehensive assessment
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uptake,” similar to what we observed in exercise assess-
ment and prescription elements described above. Only
one previous CR survey in North America has reported
on guideline-recommended ECG assessment, similarly
finding that a resting ECG was performed in 47% of
phase II programmes in the state of Ohio, USA.*

Exercise modalities

Most surveyed services (97%) prescribed exercise,
however, 47% failed to meet the national recommen-
dations to concurrently prescribe both aerobic and
resistance exercise. The uptake of concurrent exercise
was more prevalent in services with access to resistance
exercise equipmentand aerobic exercise ergometers. The
concurrent prescription of both aerobic and resistance
exercise is recommended in all major international CR
guidelines,” ** and is efficacious for improvements in CV
risk factors like obesity, cardiorespiratory fitness, plasma
lipids, inflammation and psychological health.”” The
positive effect of aerobic exercise on cardiorespiratory
fitness is well established,31 however, recent meta-analyses
have shown that the inclusion of resistance exercise has
an additive effect on cardiorespiratory fitness compared
with isolated aerobic exercise programmes in CAD,” **
thus highlighting the importance of including both exer-
cise modalities for optimal outcomes. In addition to
this aerobic fitness benefit, with advancing CV disease
(CVD), the role of skeletal muscle becomes increasingly
important for the maintenance of physical function,
quality of life and independence, particularly in the most
deconditioned cardiac patients with chronic heart failure
and cardiac cachexia.” Notably, high intensity resistance
training improves skeletal muscle impairments and exer-
cise capacity in chronic heart failure, largely explained by
skeletal muscle adaptations rather than central cardiac
adaptations.”® Furthermore, the inclusion of resistance
training becomes increasingly more important with
ageing patients given its unique ability to address age-
associated comorbidities including falls, osteoporosis,
frailty and sarcopenia,” which are not improved with
aerobic training.

Aerobic exercise intensity

The prescription of low-moderate intensity aerobic exer-
cise most commonly is also consistent with Australian
guideline recommendations. However, it should be noted
that these guidelines themselves may require updating
considering the rapidly expanding body of evidence since
their last revision in 2004. High-intensity aerobic exercise
has demonstrated promising improvements in health
and fitness compared with lower intensities of exercise
in patients with CVD.”® Although the risk of CV events is
greater during high intensity compared with moderate
intensity aerobic exercise, the major CV event rates for
patients with CVD remain very low at 1/11 333 patient-
exercise hours.”” As a result, recent guidelines from
Europe and North America have extended aerobic exer-
cise intensity thresholds to include higher intensities,* *°

with some evidence of uptake in CR services in the Neth-
erlands.”

Resistance exercise intensity

Australian guidelines do not currently include any
specific resistance exercise intensity recommendations,
thus, it is more difficult to assess the appropriateness of
Australian CR service delivery in this regard. All but 13%
of services reported low or moderate intensity resistance
training. In contrast, major international guidelines from
Europe and North America provide detailed recom-
mendations for moderate-vigorous intensity resistance
training,” ** with uptake apparent within a national CR
survey in the Netherlands.” The benefits of moderate-
intensity resistance exercise in CR are well established,
however, despite some emerging evidence, more research
is needed to properly evaluate the use of high-intensity
resistance exercise in this setting,9 given its safety and
efficacy for improving health and functional outcomes in
other chronic disease cohorts.”

Limitations

A limitation of the current study was the lower response
rate in comparison to previous Australian surveys12 b
which may, in part, be explained by this investigation’s
significantly shorter enrolment period, broader inclusion
criteria and survey distribution method independent
of national governing bodies. Furthermore, identifying
information was not collected in the survey, which limited
the ability to identify and remove duplicate entries from
the final analysis. The current survey also did not allow
for the addition of any programme outcome information
or open-ended qualitative responses, which is necessary
to properly evaluate the operation and effectiveness of
national CR programmes. The self-reported nature of
this survey must be acknowledged as a limitation, which
could be improved by using an audit-based research
study, similar to the ongoing work in the UK.”

CONCLUSION

The main finding of this study is that only three Australian
guideline recommendations were consistently reported in
current CR programmes: (1) assessment of physical func-
tion prior to exercise, (2) review of referring physician
results and (3) prescription of lightmoderate exercise
intensity. Key deficiencies include the lack of concurrent
exercise prescription and the infrequent assessment of
resting HR and ECG, which may be influenced by loca-
tion, exercise supervisor and equipment availability. The
scarcity of muscular strength and aerobic fitness assess-
ments could have implications on the quality of tailored
exercise prescription, where actual prescription is unable
to be informed by individual capacity.

Implications for future research and practice

Future work should incorporate programme outcome
data into the evaluation of programme effectiveness. In
addition, assessment of patient-reported outcomes such

6 Hollings M, et al. BMJ Open Sp Ex Med 2023;9:001468. doi:10.1136/bmjsem-2022-001468
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as quality of life and satisfaction would be a vital addi-
tion to the staff-centred and facility-centred nature of
all previous surveys, including this one. Future studies
including the on-site auditing of protocols and outcomes
in CR would provide evidence as to whether changing
these elements does indeed improve adherence to guide-
lines, and more importantly, patient outcomes.

To address the issue of suboptimal pre-exercise assess-
ment and prescription in Australian CR programmes
described above, additional funding and resources may be
required to overcome potential uptake and accessibility
barriers, ensure the continued education of practitioners
and encourage the concurrent prescription of both exer-
cise modalities as recommended by current guidelines.
Specifically, these may include (1) the employment or
support of exercise physiologists to aid in the uptake of
exercise-specific assessments, (2) the additional funding
to ensure the appropriate equipment is available for all
guideline-required assessment and prescription practices
and (3) an update of the national guideline so there is
a clear policy that services can use to justify equipment
requests.

Finally, an update of the 2004 national guidelines to
bring them closer to current international recommenda-
tions and existing evidence, followed by an educational
initiative and review of service equipment and staffing
policies may be warranted for the broad range of allied
health disciplines involved in Australian CR, to facilitate
the translation of clinical trials evidence into practice.

Twitter Matthew Hollings @DrExerciseNerd, Yorgi Mavros @DrYorgiMavros,
Jonathan Freeston @Dr_Freezo and Maria Fiatarone Singh @mariafiatarone

Acknowledgements We would like to acknowledge all CR service staff and
managers who took the time to participate in this survey. We would also like to
thank Professor Robyn Gallagher for her critical review of the manuscript prior to
submission.

Contributors Study design and conception: all authors. Survey tool design: all
authors. Data collection: MH. Data analyses: MH, YM and MFS. Manuscript drafting
and critical revisions: all authors. All authors approved the final version of this
manuscript.

Funding The doctoral candidature of the first author, from which this work was
produced, was supported by a Research Training Program scholarship funded by
the Australian Government. A small portion of these funds were used to purchase
prizes used in this investigation.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval All material and procedures were approved by the University of
Sydney Human Research Ethics Committee (HREC approval number: 2016/971).
Participants gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,

Open access

terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

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

ORCID iDs

Matthew Hollings http://orcid.org/0000-0003-1083-1062
Yorgi Mavros http://orcid.org/0000-0002-2588-0425
Jonathan Freeston http://orcid.org/0000-0003-4383-1712
Maria Fiatarone Singh http://orcid.org/0000-0002-1897-8707

REFERENCES

1 Lavie CJ, Milani RV. Effects of cardiac rehabilitation, exercise
training, and weight reduction on exercise capacity, coronary risk
factors, behavioral characteristics, and quality of life in obese
coronary patients. Am J Cardiol 1997;79:397-401.

2 Anderson L, Taylor RS. Cardiac rehabilitation for people with heart
disease: an overview of cochrane systematic reviews. Cochrane
Database Syst Rev 2014;2014:CD011273.

3 Taylor RS, Sagar VA, Davies EJ, et al. Exercise-based rehabilitation

for heart failure. Cochrane Database Syst Rev 2014;2014:CD003331.

4 Lee HY, Kim JH, Kim BO, et al. Regular exercise training reduces
coronary restenosis after percutaneous coronary intervention
in patients with acute myocardial infarction. Int J Cardiol
2013;167:2617-22.

5 Bruning RS, Sturek M. Benefits of exercise training on coronary
blood flow in coronary artery disease patients. Prog Cardiovasc Dis
2015;57:443-58.

6 National Heart Foundation of Australia and Australian Cardiac
Rehabilitation Association. Recommended framework for cardiac
rehabilitation. In: National Heart Foundation of Australia. 2004.

7 Woodruffe S, Neubeck L, Clark RA, et al. Australian cardiovascular
health and rehabilitation association (ACRA) core components
of cardiovascular disease secondary prevention and cardiac
rehabilitation 2014. Heart Lung Circ 2015;24:430-41.

8 National Heart Foundation of Australia and Australian Cardiac
Rehabiliation Association. A pathway to cardiac recovery:
standardised program content for phase Il cardiac rehabilitation. In:
National Heart Foundation of Australia. 2020.

9 Hollings M, Mavros Y, Freeston J, et al. The effect of progressive
resistance training on aerobic fitness and strength in adults with
coronary heart disease: a systematic review and meta-analysis of
randomised controlled trials. Eur J Prev Cardiol 2017;24:1242-59.

10 Werber-Zion G, Goldhammer E, Shaar A, et al. Left ventricular
function during strength testing and resistance exercise in
patients with left ventricular dysfunction. J Cardiopulm Rehabil
2004;24:100-9.

11 Price KJ, Gordon BA, Bird SR, et al. A review of guidelines for
cardiac rehabilitation exercise programmes: is there an international
consensus? Eur J Prev Cardiol 2016;23:1715-33.

12 Abell B, Glasziou P, Briffa T, et al. Exercise training characteristics
in cardiac rehabilitation programmes: a cross-sectional survey of
Australian practice. Open Heart 2016;3:e000374.

13 Hannan AL, Hing W, Climstein M, et al. Australian cardiac
rehabilitation exercise parameter characteristics and perceptions
of high-intensity interval training: a cross-sectional survey. Open
Access J Sports Med 2018;9:79-89.

14 Australian Cardiovascular Health and Rehabilitation Association.
Cardiac rehabilitation service directory. n.d. Available: http://www.
acra.net.au/cr-services/cr-directory/

15 SurveyMonkey Inc. Available: www.surveymonkey.com

16 Australian Bureau of Statistics. Australian statistical geography
standard (ASGS) - Volume 5: remoteness structure; 2016.

17 Garber CE, Blissmer B, Deschenes MR, et al. American College of
sports medicine position stand. Quantity and quality of exercise
for developing and maintaining cardiorespiratory, musculoskeletal,
and neuromotor fitness in apparently healthy adults: guidance for
prescribing exercise. Med Sci Sports Exerc 2011;43:1334-59.

18 McDonald JH. Handbook of biological statistics. 3rd ed. Baltimore,
MD: Sparky House Publishing, 2014: 86-9.

19 Bradley JM, Wallace ES, McCoy PM, et al. A survey of exercise
based cardiac rehabilitation services in Northern Ireland. Ulster
Med J 1997;66:100-6.

Hollings M, et al. BMJ Open Sp Ex Med 2023;9:¢001468. doi:10.1136/bmjsem-2022-001468

1ybuAdoo
Ag pe1si01d 1s8nb Ag 20z ‘€T Yot uo jwod fwg wasuadolwgy/:dny woly pspeojumod "£Z0z Arenigs- /z uo 89%T00-220Z-Waslwa/9eTT 0T Se payslignd 1s1y :pajp 218x3 Lods uadO (NG


https://twitter.com/DrExerciseNerd
https://twitter.com/DrYorgiMavros
https://twitter.com/Dr_Freezo
https://twitter.com/mariafiatarone
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1083-1062
http://orcid.org/0000-0002-2588-0425
http://orcid.org/0000-0003-4383-1712
http://orcid.org/0000-0002-1897-8707
http://dx.doi.org/10.1016/s0002-9149(97)89239-9
http://dx.doi.org/10.1002/14651858.CD011273.pub2
http://dx.doi.org/10.1002/14651858.CD011273.pub2
http://dx.doi.org/10.1002/14651858.CD003331.pub4
http://dx.doi.org/10.1016/j.ijcard.2012.06.122
http://dx.doi.org/10.1016/j.pcad.2014.10.006
http://dx.doi.org/10.1016/j.hlc.2014.12.008
http://dx.doi.org/10.1177/2047487317713329
http://dx.doi.org/10.1097/00008483-200403000-00006
http://dx.doi.org/10.1177/2047487316657669
http://dx.doi.org/10.1136/openhrt-2015-000374
http://dx.doi.org/10.2147/OAJSM.S160306
http://dx.doi.org/10.2147/OAJSM.S160306
http://www.acra.net.au/cr-services/cr-directory/
http://www.acra.net.au/cr-services/cr-directory/
www.surveymonkey.com
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://dx.doi.org/9414939
http://dx.doi.org/9414939
http://bmjopensem.bmj.com/

20

Vromen T, Spee RF, Kraal JJ, et al. Exercise training programs in
Dutch cardiac rehabilitation centres. Neth Heart J 2013;21:138-43.

29

Zullo MD, Jackson LW, Whalen CC, et al. Evaluation of the
recommended core components of cardiac rehabilitation practice:

21 Bellet RN, Adams L, Morris NR. The 6-minute walk test in outpatient an opportunity for quality improvement. J Cardiopulm Rehabil Prev
cardiac rehabilitation: validity, reliability and responsiveness -- a 2012;32:32-40.
systematic review. Physiotherapy 2012;98:277-86. 30 Lavie CJ, Milani RV. Cardiac rehabilitation and exercise training in
22 Cacciatore F, Abete P, Mazzella F, et al. Six-minute walking test but secondary coronary heart disease prevention. Prog Cardiovasc Dis
not ejection fraction predicts mortality in elderly patients undergoing 2011;53:397-403.
cardiac rehabilitation following coronary artery bypass grafting. Eur J 31 Mitchell BL, Lock MJ, Davison K, et al. What is the effect of aerobic
P{’ev C_afd’O/ 201‘2” 9:1401-9. ) exercise intensity on cardiorespiratory fitness in those undergoing
23 Piepoli MF, Corra U, Benzer W, et al. Secondary prevention through cardiac rehabilitation? A systematic review with meta-analysis. Br J
cardiac rehabilitation: from knowledge to implementation. A position Sports Med 2019;53:1341-51.
paper_frqm the cartjlac rehabilitation s_echon of the _Eyro_pean 32 Xanthos PD, Gordon BA, Kingsley MIC. Implementing
aczsrgfolizgg g:ec‘f‘g’e'z;zzczuéi'bﬂ“;‘.’f”:?n and rehabilitation. Eur J resistance training in the rehabilitation of coronary heart
24 Wicks JR, Turner GT, Leslie SL, et al. Changes observed in ggf;z%ozsgyss_tgg:tlc review and meta-analysis. Int J Cardiol
the 6'.’T"”‘.“e walk test in requn§e to exercise-based cardiac 33 Clark AL, Poole-Wilson PA, Coats AJ. Exercise limitation in chronic
rer_wabllltanon. Exerc Me‘.j 2022;6:2. . . . heart failure: central role of the periphery. J Am Coll Cardiol
25 Price KJ, Gordon BA, Bird SR, et al. Evaluating exercise progression 1996:28:1092-102
in an Australian cardiac rehabilitation program: should cardiac 34 Pu C"I' J.ohnson M:F Forman DE. et al. Randomized trial of
intervention, age, or physical capacity be considered? Int J Environ L s L i .
Res Public Health 2021:18:5826. progressive re5|_stance training to'counteract the myopathy of
26 Balady GJ, Williams MA, Ades PA, et al. Core components of cardiac ghromc heart failure. J App/ Ehys:ol .(1985) 2001 ;901234.1 ._50'
rehabilitation/secondary prevention programs: 2007 update: a 35 !_IU CJ,_ Latham_NK. Prog,_res_swe resistance strength training for
scientific statement from the American heart association exercise, improving physical function in older adults. Cochrane Database Syst
cardiac rehabilitation, and prevention Committee, the Council Rev 2009;2009:CD002,759' o o .
on clinical cardiology; the councils on cardiovascular nursing, 36 Hannan AL, Hing W, Simas V, et al. High-intensity interval training
epidemiology and prevention, and nutrition, physical activity, and versus moderate-intensity continuous training within cardiac
metabolism; and the American association of cardiovascular and rehabilitation: a systematic review and meta-analysis. Open Access
pulmonary rehabilitation. Circulation 2007;115:2675-82. J Sports Med 2018;9:1-17. o o o
27 Jonas DE, Reddy S, Middleton JC, et al. Screening 37 Wewege MA, Ahn D, Yu J, et al. High-intensity interval training for
for cardiovascular disease risk with resting or exercise patients with cardiovascular disease-is it safe? A SyStematiC review.
electrocardiography: evidence report and systematic review for the J Am Heart Assoc 2018;7:e009305.
US preventive services Task force. JAMA 2018;319:2315-28. 38 Mcleod JC, Stokes T, Phillips SM. Resistance exercise training as
28 Jackson AC, Le Grande MR, Higgins RO, et al. Psychosocial a primary countermeasure to age-related chronic disease. Front
screening and assessment practice within cardiac rehabilitation: a Physiol 2019;10:645.
survey of cardiac rehabilitation coordinators in Australia. Heart Lung 39 Doherty PJ, Harrison AS. The national audit of cardiac rehabilitation.
Circ 2017;26:64-72. London: British Heart Foundation, 2018.
8 Hollings M, et al. BMJ Open Sp Ex Med 2023;9:001468. doi:10.1136/bmjsem-2022-001468

1ybuAdoo
Ag pe1si01d 1s8nb Ag 20z ‘€T Yot uo jwod fwg wasuadolwgy/:dny woly pspeojumod "£Z0z Arenigs- /z uo 89%T00-220Z-Waslwa/9eTT 0T Se payslignd 1s1y :pajp 218x3 Lods uadO (NG


http://dx.doi.org/10.1007/s12471-013-0374-2
http://dx.doi.org/10.1016/j.physio.2011.11.003
http://dx.doi.org/10.1177/1741826711422991
http://dx.doi.org/10.1177/1741826711422991
http://dx.doi.org/10.1097/HJR.0b013e3283313592
http://dx.doi.org/10.1097/HJR.0b013e3283313592
http://dx.doi.org/10.26644/em.2022.002
http://dx.doi.org/10.3390/ijerph18115826
http://dx.doi.org/10.3390/ijerph18115826
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.180945
http://dx.doi.org/10.1001/jama.2018.6897
http://dx.doi.org/10.1016/j.hlc.2016.04.018
http://dx.doi.org/10.1016/j.hlc.2016.04.018
http://dx.doi.org/10.1097/HCR.0b013e31823be0e2
http://dx.doi.org/10.1016/j.pcad.2011.02.008
http://dx.doi.org/10.1136/bjsports-2018-099153
http://dx.doi.org/10.1136/bjsports-2018-099153
http://dx.doi.org/10.1016/j.ijcard.2016.12.076
http://dx.doi.org/10.1016/S0735-1097(96)00323-3
http://dx.doi.org/10.1152/jappl.2001.90.6.2341
http://dx.doi.org/10.1002/14651858.CD002759.pub2
http://dx.doi.org/10.1002/14651858.CD002759.pub2
http://dx.doi.org/10.2147/OAJSM.S150596
http://dx.doi.org/10.2147/OAJSM.S150596
http://dx.doi.org/10.1161/JAHA.118.009305
http://dx.doi.org/10.3389/fphys.2019.00645
http://dx.doi.org/10.3389/fphys.2019.00645
http://bmjopensem.bmj.com/

	National survey of Australian cardiac rehabilitation programmes: does current exercise programming adhere to evidence-­based guidelines and best practice?
	Abstract
	Introduction﻿﻿
	Methods
	Results
	Service characteristics
	Pre-exercise assessment
	Exercise prescription

	Discussion
	Pre-exercise assessments
	Exercise modalities
	Aerobic exercise intensity
	Resistance exercise intensity
	Limitations

	Conclusion
	Implications for future research and practice

	References


