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Abstract Regular exercise improves health but can also
induce adverse responses. Although such episodes are rare,
many guidelines for pre-participation exercise screening
have historically had a low threshold for recommending
medical clearance prior to the commencement of exercise,
placing the responsibility for decision making about exercise participation on physicians. The ‘clearance to exercise’ model still occurs widely in practice, but creates cost
burdens and barriers to the uptake of exercise. Moreover,
many physicians are not provided the training, nor time in a
standard consultation, to be able to effectively perform this
role. We present a model for pre-participation exercise
screening and the initial assessment of clients wishing to
commence an exercise programme. It is designed to guide
professional practice for the referral, assessment and

prescription of exercise for people across the health spectrum, from individuals who are apparently healthy, through
to clients with pre-existing or occult chronic conditions.
The model removes the request that physicians provide a
‘clearance’ for patients to engage in exercise programmes.
Instead the role of physicians is identified as providing
relevant clinical guidance to suitably qualified exercise
professionals to allow them to use their knowledge, skills
and expertise in exercise prescription to assess and manage
any risks related to the prescription and delivery of
appropriate exercise programmes. It is anticipated that
removing unjustified barriers to exercise participation, such
as mandated medical review, will improve the uptake of
exercise by the unacceptably high proportion of the population who do not undertake sufficient physical activity
for health benefit.
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Key Points
Regular exercise is an important population health
strategy, but a recommendation for medical
clearance as part of pre-exercise participation
screening can create an unjustified barrier to
exercise.
Exercise professionals with advanced training in the
prescription of exercise for pathological conditions
are well-qualified to take greater responsibility for
decisions about the suitability of clients to exercise.
The proposed model is likely to increase the uptake
of best-practice exercise prescription and the
associated health benefits.

1 Introduction
Health professionals who prescribe exercise are faced with
the so-called exercise paradox: while participation in regular physical activity is widely acknowledged to offer
significant benefits to health and well-being [1–5], exercise
can result in musculoskeletal injury [6] and induce symptoms or trigger adverse events for a wide range of chronic
conditions [7, 8], including life-threatening cardiovascular
events [9]. While, the risk of the latter is greatest for
individuals with occult cardiovascular disease when
undertaking unaccustomed activity [10], such occurrences
are extremely rare [9, 11, 12] and the positive health outcomes of exercise vastly outweigh the risks of adverse
signs, symptoms or events [13, 14].
To mitigate the potential risks of exercise, pre-exercise
participation screening and risk assessment involving a
review of the client’s medical history, and signs and
symptoms indicative of underlying pathology, is advocated
[15]. This usually involves a two-stage process: a preparticipation screening questionnaire, and, in individuals
who are deemed at increased risk, referral to a physician
(commonly a general practitioner [GP]) for clearance to
exercise. However, there are several limitations to this
approach. The threshold for recommending medical review
has historically been low, resulting in an unjustified burden
on the healthcare system [16] despite a lack of evidence
that medical clearance mitigates the risk of cardiovascular
events in asymptomatic individuals [17]. Additionally, the
requirement to seek a medical appointment may create a
barrier to the uptake of exercise [18], especially in individuals who are reticent to modify their lifestyle, and in
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socioeconomically disadvantaged groups in whom chronic
disease is most prevalent and who have the most to benefit
from regular exercise [19]. Despite the role expected of
physicians, many medical school curricula do not address
exercise screening and prescription in detail (in contrast to
the training for exercise professionals [20]), meaning
physicians are often not sufficiently familiar with exercise
guidelines [21–23] and may feel ill-equipped to provide
‘clearance’ to exercise or the specific advice to offer about
appropriate exercise parameters, such as type, intensity and
duration [24, 25]. Importantly, the efficacy of medical
clearance that is limited to an office assessment, constrained by a consultation of 15 min or less [26], in the
absence of any assessment of the response to exercise is
questionable.
We propose a model designed to reduce barriers to the
uptake of exercise and improve the provision of bestpractice exercise prescription for people across the health
spectrum, consistent with current evidence that the benefits
of exercise far outweigh the risks across a range of chronic
health conditions [27]. In this model, suitably qualified
exercise professionals take responsibility for the coordination of pre-participation exercise screening and use the
findings to guide exercise prescription. This is done in
conjunction with information and guidance from a physician when it is indicated, such as when a patient’s medical
history highlights an existing chronic disease but further
information is required, in the presence of new or progressive signs or symptoms, or when indications for
undiagnosed disease exist. Critical to this approach is that
exercise professionals manage clients who are consistent
with their scope of practice and in whom they have the
expertise to identify contraindications to exercise and
subsequently inform individualised exercise prescriptions.
We believe this approach will decrease the burden on
health systems and more effectively utilise the skills of
both exercise professionals and physicians to minimise the
risk of adverse events during exercise, while maximising
health benefits through increased exercise uptake and bestpractice exercise prescription [28].

2 Historical Models of Pre-Exercise Participation
Screening
The American College of Sports Medicine (ACSM)/
American Heart Association (AHA) Pre-participation
Questionnaire (AAPQ) [28] and the Physical Activity
Readiness Questionnaire (PAR-Q) developed by the
Canadian Society for Exercise Physiology (CSEP) [29] are
two highly utilised, but now superseded, pre-exercise
screening models. The AAPQ classified individuals as high
risk (established, or symptoms suggestive of,
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cardiovascular, pulmonary or metabolic disease), moderate
risk (asymptomatic but with two or more cardiovascular
risk factors) or low risk (asymptomatic with no more than
one risk factor). The risk stratification process led to an
algorithm that may recommend a medical examination
before exercise was commenced. A recommendation may
also have been made for a pre-participation exercise test,
conducted either with or without physician supervision.
Exercise prescription was then based on the assigned level
of risk and the intensity at which the client wished to
exercise.
The PAR-Q involved a series of ‘yes/no’ questions
related to a history of, or symptoms suggestive of, cardiovascular or musculoskeletal conditions, and medication
use. If the participant answered ‘yes’ to one or more
questions they were advised to have a discussion with their
medical practitioner before they became more physically
active.
For many individuals, these processes created an
unnecessary barrier to the uptake of exercise and increased
burden on healthcare systems. A US study found that 95
and 68% of a nationally representative sample of US adults
over 40 years of age [30] would be referred for medical
review using the AAPQ and PAR-Q, respectively [16].

3 Contemporary Models of Pre-Exercise
Participation Screening
In view of the conservative approach of the traditional preexercise participation screening algorithm, in 2015 the
ACSM published an updated statement on recommendations for pre-participation screening to reduce barriers to
the uptake and maintenance of exercise and habitual
physical activity [14] that considered several factors: that
exercise is safe for most people; adverse responses to
exercise are usually preceded by adverse signs or symptoms as early warnings; and the risks associated with
exercise diminish as physical activity and fitness improve.
Accordingly, it advised that pre-exercise screening should
be guided by (1) current activity level; (2) the presence of
signs, symptoms and/or known cardiovascular, metabolic
or renal disease; and (3) the intensity of the intended
exercise. In contrast to the historical recommendations, risk
factor assessment is no longer included in the new preexercise participation screening process. The reader should
refer to the ACSM recommendations for a detailed logic
model for exercise participation based on this statement
[14]. However, the recommendations maintain a requirement for ‘medical clearance’, and a recent evaluation of the
new ACSM algorithm, using the same representative
population sample as in the earlier study of the AAPQ [30],
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reported that 54% of respondents would still be referred for
medical clearance before beginning any exercise [31].
The PAR-Q has also been revised in recent years to
produce the PAR-Q?, through a comprehensive evaluation
of the literature pertaining to the risks associated with
exercise and physical activity [27]. The outcome of this
review was the recommendation that in patients with
existing cardiovascular disease, medical clearance is indicated only in individuals who are not medically stable, not
currently physically active, and who have an aerobic power
of \5 Mets (\17.5 ml kg-1 min-1), which is significantly
different from the new ACSM algorithm and results in far
fewer referrals for medical screening [32]. All other individuals are given the option of visiting a qualified exercise
professional (with advanced university training) or their
family physician.
In Australia, the Adult Pre-Exercise Screening System
(APSS) was developed through a collaborative venture
between the peak bodies for exercise science and exercise
physiology, sports medicine, and personal training [33, 34].
The APSS is a three-stage screening tool, where Stage 1
identifies individuals with established disease or signs or
symptoms of cardiovascular, metabolic/respiratory disease
or musculoskeletal injury, and allocates a ‘high risk’
classification to all these groups. Stages 2 and 3 classify
individuals as either moderate or low risk, based partly on
the presence of common cardiovascular disease risk factors. These processes maintain elements of the outdated
AAPQ and PAR-Q. ‘Low risk’ clears the individual to
undertake exercise at any intensity without restriction,
while those classified as moderate risk are cleared to perform low- and moderate-intensity exercise initially. Individuals who are classified as higher risk (from Stage 1), or
those classified as moderate risk (from Stages 2 and 3) and
wishing to undertake vigorous exercise, are advised to seek
‘guidance’ from a physician or appropriate allied health
professional prior to commencing exercise. While the
intent of this statement was to give greater responsibility to
‘appropriate allied health professionals’, these professionals were not clearly defined and it commonly leads to clients being sent to their physician for ‘clearance to
exercise’, which has caused concerns within the medical
profession [35].

4 Methods
Exercise & Sports Science Australia (ESSA) is the peak
body in Australia representing the various professionals
working in the broad areas of exercise and sports sciences,
and is responsible for accrediting university-educated
exercise professionals without (exercise scientists) and
with (clinical exercise physiologists) advanced university
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training in prescribing exercise in pathological conditions.
In response to differences in recommendations for preexercise screening in the international literature, and a lack
of clearly defined referral pathways discriminating between
exercise professionals who do not have advanced university training, and those who do, the ESSA sought to
develop a new model for exercise referrals to support the
uptake of safe and effective exercise for people with and
without chronic conditions.
An expert panel with extensive collective experience in
developing and implementing national professional standards in clinical exercise and physiotherapy was formed to
develop a framework to inform the referral processes and
interprofessional management of those clients identified
through pre-exercise screening as requiring further
assessment and guidance prior to commencing exercise.
Broad consultation occurred with key stakeholders,
including representatives nominated by the Royal Australian College of General Practitioners, Cardiac Society of
Australia and New Zealand, and Sports Medicine Australia,
to define the nature of the problem. The expert panel then
extensively reviewed existing systems internationally and
related literature utilising the PubMed and Scopus databases up until 25 August 2017, and publications relating to
screening for exercise prescription were searched. The
papers retrieved were examined, and further relevant references obtained by reviewing cited articles and crossreferencing. Through an iterative process, draft models
were established and feedback was sought from end users
through a national presentation, from both the stakeholder
representatives and independent expert reviewers. Ultimately, a model was developed that reflected good practice, maintained the intent of current pre-exercise screening
recommendations [14, 27], and was subsequently endorsed
by all panel members.
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professionals have a responsibility to refer patients to a
physician if any symptoms/signs of concern are identified,
and physicians are encouraged to provide information on
active and inactive conditions, treatments/interventions,
and signs and symptoms to appropriately trained exercise
practitioners. The latter can then use the information to
‘guide’ the exercise programme. This model improves the
transfer of information, strengthens clinical governance,
and reduces patients’ barriers to exercise. Although the
model outlined here fits with the independence afforded
exercise professionals within the Australian context, it
could easily be applied in other countries.
The model considers three key components of the process for initiating exercise: referral, screening and triage
(Fig. 1).
a.

Referral: exercise referrals may come from a variety of
sources (including physicians, employers, rehabilitation case managers, other health professionals, and
clients self-referring) and be received by any of the
exercise professions. The referral should include as
extensive a clinical history as is available, but the
extent of this is likely to vary depending on the referral
source, and additional information may need to be
sought.
b. Screening method(s): a pre-participation screening
questionnaire is important to provide initial screening.
However, when an existing chronic condition is known
a priori, a clinical exercise physiologist/physiotherapist
should apply advanced-level clinical reasoning, guided
by a medical history and physical assessment to
ascertain the necessary information for appropriate
exercise prescription.
c Triage for exercise prescription: following screening,
clients are triaged on the following basis:
i.

5 A New Model to Strengthen Collaborations
between Exercise Professionals and Physicians
The model is underpinned by the training and scope of
practice of different exercise professions (Table 1). In
Australia, clinical exercise physiologists and physiotherapists are accredited to provide clinical exercise services as
an integral part of the national Medicare health system
[36]. In this respect, these exercise professionals are considered independent health practitioners, who are competent to take responsibility for decisions about exercise
prescription using both evidence and clinical reasoning.
This removes the need for physicians to ‘clear’ their
patients prior to being referred for exercise. Instead, bidirectional referral pathways between physicians and exercise professionals are encouraged [37]. Exercise
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No history of chronic disease: exercise can be
prescribed by any exercise professional.
ii. Pre-existing chronic disease: The initial assessment
and programme development should be conducted
by an exercise professional with advanced training
in clinical exercise prescription (clinical exercise
physiologist or physiotherapist). In circumstances
where a client with a chronic disease is demonstrated to be clinically stable under exercise
conditions, the client may be transferred from a
clinical exercise professional who has prescribed
exercise to a non-clinical practitioner who supervises the client. However, oversight of ongoing
safety of participation is managed by the clinical
exercise professional.
iii. The presence of adverse signs or symptoms: in the
case of previously undiagnosed, or worsening,
adverse signs or symptoms, the client should be
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Table 1 Qualifications and scope of practice of different exercise professions, using the Australian context as an example
Profession

Minimum qualification

Advanced-level education and
clinical practicum in exercise
prescription for pathological
conditions, including clinical
placements

Target population for
exercise assessments and
prescription

Exercise delivery

Personal
trainer

A recognised fitness
qualification (i.e.
Certificate or Diploma)
or Bachelor’s degree not
accredited by ESSA

No

Healthy populations

Healthy populations, clients with
stable chronic conditions under
the guidance of the client’s
treating physician and/or a
clinical exercise
physiologist/physiotherapist

Exercise
scientist

Bachelor’s degree in
exercise science, with
ESSA accreditation

No

Healthy populations

Healthy populations, clients with
stable chronic conditions where
a clinical exercise
physiologist/physiotherapist has
provided the exercise
prescription

Clinical
exercise
physiologist,

Bachelor’s or Master’s
degree in clinical
exercise physiology

Yes

All clients free of absolute
contraindications to exercise

Physiotherapist

Bachelor’s or Master’s
degree in physiotherapy

Yes

Healthy populations
through to clients with
chronic disease,
including active
cardiovascular,
metabolic and renal
disease

All clients free of absolute
contraindications to exercise

ESSA Exercise and Sports Science Australia

Fig. 1 Referral and assessment pathways for guiding exercise prescription for individuals with and without chronic disease
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iv.

referred to a GP and/or medical specialist for
review and appropriate management prior to
commencing/continuing exercise. These may be
identified by a pre-participation screening questionnaire, during interview, or arise at the initial
exercise assessment or during a subsequent exercise programme. When the physician considers
the patient to be clinically stable, they should refer
the client back to the exercise professional.
If a client’s clinical status is ambiguous: it is
recommended that more detailed clinical information is sought from their physician before embarking on an exercise programme.

•

2.

6 Recommendations to Support Utilisation
of the Model
The new model extends risk assessment beyond a brief
review to prolonged observation under exercise conditions.
The referral pathways share elements from contemporary
models, such as those developed by the ACSM [14] and
CSEP [27], and embrace the principles that guide them:
that exercise is safe for most people; adverse responses to
exercise are usually preceded by adverse signs or symptoms as early warnings (Table 2); and the risks associated
with exercise diminish as habitual physical activity
increases and fitness improves. Physicians are encouraged
to play a proactive role in this process by providing
information about patients under their care to clinical
exercise physiologists or physiotherapists who can apply
this in developing an individualised exercise programme.
This information should include specific details about
active and inactive conditions, treatments/interventions,
and signs and symptoms experienced by the patient. Key
recommendations are as follows:
1.

Physicians should provide guidance rather than ‘clear’
their patients for exercise: The concept of medical
clearance, which implies that the physician has
assessed their patient as ‘safe for exercise’, often
based on an office assessment, is removed from the
model. Instead, physicians should provide clinical
guidance as indicated, given that appropriately trained
exercise professionals have the requisite knowledge,
skills and competencies to provide a safe and effective
exercise service for the patient.
•

The transfer of essential client information to guide
safe and effective exercise prescription relies on
clear communication between physicians and exercise professionals.
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Physicians retain their roles in recommending against
exercise: if this is warranted based on the individual’s
clinical status. Importantly, the proposed model is
bidirectional, whereby if adverse signs or symptoms
arise and are identified by the exercise professional
during screening, or at some point during subsequent
exercise sessions, the client should be referred back to
their medical practitioner before exercise resumes.
•

•

3.

4.

Clinical exercise physiologists and physiotherapists undergo rigorous training, producing very
high levels of minimum standards. In Australia,
this credentialing occurs through independent
accreditation schemes of national university
coursework programmes. This benefits patients by
them being able to access these services using a
range of compensable schemes, including the
government-funded Medicare programme.

An important aspect of the model is that clients’
physicians are given ongoing information regarding their patient’s exercise participation so that
they have the opportunity to provide guidance to
the client and exercise professional as they see fit.
Optimal medical management by physicians can
alleviate symptoms and improve exercise safety,
resulting in improved exercise tolerance and more
effective exercise prescription [38–40]

Use clinical assessment and reasoning and/or questionnaires to guide exercise prescription: Non-clinical
exercise professionals should use a contemporary preexercise screening questionnaire. For clients with
known pathology, clinical exercise physiologists and
physiotherapists should consult the patient’s medical
history, review their exercise/physical activity history
and conduct a physical assessment.
Patients should undergo an initial exercise assessment:
Prior to designing and implementing an exercise
intervention, exercise professionals should assess their
clients’ exercise capacity.
•

•

A baseline exercise assessment is an extension of
the screening process, and, in some cases, signs or
symptoms of undiagnosed or diagnosed pathology
may become evident for the first time during an
exercise assessment. In such cases, the test should
be terminated and the client referred to their
medical practitioner for further clinical evaluation
and treatment.
It is important to distinguish between physiciansupervised exercise stress tests and other forms of
exercise assessments employed by exercise
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Table 2 Common adverse signs and symptoms that are indications for the cessation of exercise
Sign or symptom
Absolute indications for cessation of exercise
Decrease in systolic blood pressure (from rest) C 10 mmHg in the presence of symptoms
Development of significant ventricular or atrial arrhythmias
ST-segment depression ([2 mm) or elevation ([1 mm)
Shock or pacing therapies from implantable cardioverter defibrillator (ICD) or life vest
The onset of chest pain/discomfort, or other symptoms, suggestive of myocardial ischaemia
Dizziness, confusion, deteriorating balance or other significant neurological symptoms
Paleness or cyanosis
Vomiting, nausea or feeling generally unwell
Exhaustion or fatigue that is out of keeping with the person’s usual response to exercise at a given intensity
Relative indications for cessation of exercise
Decrease in systolic blood pressure from rest C 10 mmHg in the absence of symptoms
Systolic blood pressure C 250 mmHg and or diastolic blood pressure C 115 mmHg
Increase in occurrence of ventricular ectopic beats with increasing intensity of exercise, including ventricular couplets, multifocal
extrasystoles, bigeminy
Onset of supraventricular tachycardia or bradyarrhythmias
Onset of exercise-induced conduction defects
Atrial fibrillation that is inadequately rate-controlled with increasing exercise intensity
Chronotropic incompetence resulting in failure of heart rate to increase in response to exercise
Attainment of maximum predicted or prescribed heart rate or rating of perceived exertion
Onset or worsening of musculoskeletal pain
Limiting claudication
Wheezing or significant dyspnoea
This table is based on the indications for the termination of exercise testing as recommended by the American Heart Association [50]; however,
situational clinical decision making is also important and may result in some modification of the application of the above criteria. Clinical
decision making should include considerations of client factors; the nature of any medical referral; intensity, mode and volume of exercise; the
qualifications, experience and competencies of the clinical exercise practitioner; the facility, including other staffing and equipment; and the
capacity for providing life support

professionals. To clarify, a physician-supervised
exercise stress test would be indicated for symptomatic individuals or those with suspected pathology. It aims to provoke adverse signs or symptoms
in order to contribute to the diagnosis of cardiovascular disease or other conditions [41]. In
contrast, tests administered by exercise professionals are generally designed to determine a client’s
fitness so that an exercise programme can be
appropriately prescribed within a range of exercise
intensities that are below any threshold for adverse
signs or symptoms.
5.

Clinical reasoning based on all observations should
then be used to guide exercise prescription:
•

•

Clinical status and current exercise levels are used
to guide commencing and maximal exercise training intensity (Table 3).
Exercise should commence conservatively (no
greater than moderate intensity) for previously

•

sedentary clients who are starting an exercise
programme. This is likely to reduce the potential
for injuries as well as adverse cardiovascular
responses [10]. Exercise can routinely proceed to
moderate intensities for clients with stable chronic
disease as the incidence of adverse events is very
low [42–44].
For clients with cardiovascular disease who wish to
undertake vigorous exercise, clinical reasoning
should be carefully applied by an experienced
clinical exercise physiologist or physiotherapist,
and informed by advanced risk assessment algorithms [45]. Progression to vigorous exercise should
be determined on a case-by-case basis, guided by the
client’s medical history and current exercise tolerance. In some patients with established cardiovascular disease, a physician-supervised exercise stress
test (± radionuclide scanning) may help inform a
decision about whether vigorous-intensity exercise
is appropriate or not. Some clients with stable cardiovascular disease, normal left ventricular ejection
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Table 3 Recommended exercise training intensity range and exercise testing protocol according to the clinical status of clients
Clinical status

Currently
exercising?

Initial exercise intensity

Maximum exercise intensity

No existing or suspected chronic
disease

Yes

Usual exercise intensity

Progress up to vigorous intensities as
exercise tolerance allows

No

Light—moderate

Progress up to vigorous intensities as
exercise tolerance allows

Existing/suspected chronic disease

Yes

Moderate intensity

Moderate some clients may progress to
vigorous intensities after careful
assessment

Undiagnosed signs or symptoms
suggestive of unstable chronic
disease

No

Light–moderate

Moderate some clients may progress to
vigorous intensities after careful
assessment

Yes or no

Clients should avoid structured exercise until
diagnosed by a medical practitioner or cleared
of disease

NA

Classifications of exercise intensity are indicated as those described by Norton and colleagues [51]

•

6.

fraction, no significant residual coronary lesions and
good exercise tolerance should be able to progress
quite safely to vigorous exercise [46, 47]. There
have been recent encouraging findings for the
efficacy of high-intensity interval training (HIIT)
in people with cardiometabolic disease [42, 44, 48],
although preliminary comparisons showing that the
rate of adverse responses are increased during HIIT,
compared with moderate-intensity exercise, emphasises the need for caution [43, 49].
Exercise prescription is individualised and flexible,
adapting with the patient’s fitness. In this way, the
benefits of exercise can be achieved with progressive adaptation and least risk.

Exercise professionals should provide regular feedback
to the referring physician. This should include a
description of the exercise prescription in practical
terms so that the physician can provide a consistent
message to the patient/client about desired exercise
intensity and restrictions.

7 Conclusions
We present a new model of collaboration between exercise
professionals and physicians that reflects contemporary
evidence related to the risks and benefits of exercise, and
utilizes the collective expertise of these professions to
improve the uptake and maintenance of safe and effective
exercise. The model encompasses the requirements of clients with and without chronic disease and encourages the
application of exercise screening, based on contemporary
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guidelines, by appropriately qualified exercise professionals. For patients with a chronic disease, exercise screening
and prescription should be performed by an exercise professional with education and training in pathological states
and their significance to the exercise response (clinical
exercise physiologists, physiotherapists). This necessitates
bidirectional referral and communication pathways with
the client’s physician. The role of physicians remains
critical, by providing details of medical history to help
inform appropriate exercise prescription, diagnosing and
treating new signs and symptoms, and offering guidance to
exercise professionals based on a determination of the
clinical requirements of their patients.
Acknowledgements Associate Prof. Levinger was supported by a
Future Leader Fellowship (ID 100040) from the National Heart
Foundation of Australia. The authors would like to thank Associate
Professor Julien Freitag, Professor Andre La Gerche, and Dr. Sharon
Stay for providing medical expertise in the development of this paper.
Compliance with ethical standards
Conflict of Interest Kade Davison is Vice President, Exercise &
Sports Science Australia (ESSA) National Board; Steve Selig is a
Director, ESSA National Board; Chis Askew is Chair, ESSA Professional Standards Advisory Council; Jeff Coombes is an Academic
Member, ESSA Professional Standards Advisory Council; and Neil
Smart is Chair, ESSA Research Committee. Andrew Maiorana,
Andrew Williams, Itamar Levinger and Bill Vicenzino declare that
they have no conflicts of interest.
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creative
commons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

Exercise Professionals Should Have Greater Responsibility in Pre-Participation Exercise Screening

References
1. Thornton JS, Fremont P, Khan K, Poirier P, Fowles J, Wells GD,
et al. Physical activity prescription: a critical opportunity to
address a modifiable risk factor for the prevention and management of chronic disease: a position statement by the Canadian
Academy of Sport and Exercise Medicine. Br J Sports Med.
2016;50(18):1109–14.
2. US Surgeon General’s Report on Physical Activity and Health.
From the Centers for disease control and prevention. JAMA.
1996;276(7):522.
3. Blair SN, Kohl HW 3rd, Barlow CE, Paffenbarger RS Jr, Gibbons
LW, Macera CA. Changes in physical fitness and all-cause
mortality. A prospective study of healthy and unhealthy men.
JAMA. 1995;273(14):1093–8.
4. Kohl HW 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR,
Leetongin G, et al. The pandemic of physical inactivity: global
action for public health. Lancet. 2012;380(9838):294–305.
5. Pedersen BK, Saltin B. Evidence for prescribing exercise as
therapy in chronic disease. Scand J Med Sci Sports.
2006;16(Suppl 1):3–63.
6. Morrow J, DeFina L, Leonard D, Trudelle-Jackson E, Custodio
M. Meeting physical activity guidelines and musculoskeletal
injury: the WIN study. Med Sci Sports Exerc. 2012;44:1986–92.
7. Franklin BA, Billecke S. Putting the benefits and risks of aerobic
exercise in perspective. Curr Sports Med Rep. 2012;11(4):201–8.
8. Parmenter BJ, Dieberg G, Smart NA. Exercise training for
management of peripheral arterial disease: a systematic review
and meta-analysis. Sports Med. 2015;45(2):231–44.
9. Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D,
Estes NA 3rd, et al. Exercise and acute cardiovascular events
placing the risks into perspective: a scientific statement from the
American Heart Association Council on Nutrition, Physical
Activity, and Metabolism and the Council on Clinical Cardiology. Circulation. 2007;115(17):2358–68.
10. Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg
RJ, Muller JE. Triggering of acute myocardial infarction by
heavy physical exertion. Protection against triggering by regular
exertion. Determinants of Myocardial Infarction Onset Study
Investigators. N Engl J Med. 1993;329(23):1677–83.
11. Dahabreh I, Paulus J. Association of episodic physical and sexual
activity with triggering of acute cardiac events: systematic review
and meta-analysis. JAMA. 2011;305:1225–33.
12. Van Camp SP, Peterson RA. Cardiovascular complications of
outpatient
cardiac
rehabilitation
programs.
JAMA.
1986;256(9):1160–3.
13. Eijsvogels TM, Molossi S, Lee DC, Emery MS, Thompson PD.
Exercise at the extremes: the amount of exercise to reduce cardiovascular events. J Am Coll Cardiol. 2016;67(3):316–29.
14. Riebe D, Franklin BA, Thompson PD, Garber CE, Whitfield GP,
Magal M, et al. Updating ACSM’s recommendations for exercise
preparticipation health screening. Med Sci Sports Exerc.
2015;47(11):2473–9.
15. Thomas S, Goodman J, Burr J. Evidence-based risk assessment
and recommendations for physical activity clearance: established
cardiovascular
disease.
Appl
Physiol
Nutr
Metab.
2011;36:S190–213.
16. Whitfield GP, Pettee Gabriel KK, Rahbar MH, Kohl HW 3rd.
Application of the American Heart Association/American College of Sports Medicine Adult Preparticipation Screening
Checklist to a nationally representative sample of US adults aged
C 40 years from the National Health and Nutrition Examination
Survey 2001 to 2004. Circulation. 2014;129(10):1113–20.
17. Lauer M, Froelicher ES, Williams M, Kilgfield P, American
Heart Association Council on Clinical Cardiology, Subcommittee

18.

19.

20.

21.
22.
23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

1301

on Exercise, Cardiac Rehabilitation, and Prevention. Exercise
testing in asymptomatic adults: a statement for professionals from
the American Heart Association Council on Clinical Cardiology,
Subcommittee on Exercise, Cardiac Rehabilitation, and Prevention. Circulation. 2005;112:771–6.
Shephard RJ. Does insistence on medical clearance inhibit
adoption of physical activity in the elderly? J Aging Phys Act.
2000;8:4.
Braveman P, Cubbin C, Egerter S, Williams D, Pamuk E.
Socioeconomic disparities in health in the United States: what the
patterns tell us. Am J Public Health. 2010;100(Suppl 1):S186–96.
Maiorana A, Levinger I, Davison K, Smart N, Coombes J.
Exercise prescription is not just for medical doctors: the benefits
of shared care by physicians and exercise professionals. Br J
Sports Med. 2016. https://doi.org/10.1136/bjsports-2016-096994.
Seth A. Exercise prescription: what does it mean for primary
care? Br J Gen Pract. 2013;64:12–3.
Joyner M, Sanchis-Gomar F, Lucia A. Exercise medicine education should be expanded. Br J Sports Med. 2017;51:625–6.
Strong A, Stoutenberg M, Hobson-Powell A, Hargreaves M,
Beelerd H, Stamatakise E. An evaluation of physical activity
training in Australian medical school curricula. J Sci Med Sport.
2017;20:534–8.
Allen M, Mann K, Putnam W, Richard J, Carr J, Pottle K, et al.
Prescribing exercise for cardiac patients: knowledge, practices,
and needs of family physicians and specialists. J Cardiopulm
Rehabil. 2000;20:333–9.
Meriwether R, Lafleur A, Wiseman P. Physical activity counseling. Am Fam Physician. 2008;77:1029–136.
Walsh J, Swangard D, Davis T, McPhee S. Exercise counseling
by primary care physicians in the era of managed care. Am J Prev
Med. 1999;16:307–13.
Warburton D, Gledhill N, Jamnik V, Bredin S, McKenzie D,
Stone J, et al. Evidence-based risk assessment and recommendations for physical activityclearance: consensus document. Appl
Physiol Nutr Metab. 2011;36:S266–98.
American College of Sports Medicine. ACSM’s guidelines for
exercise testing and prescription. 9th ed. Lippincott: Williams &
Wilkins; 2013.
Thomas S, Reading J, Shephard RJ. Revision of the Physical
Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci.
1992;17:338–45.
National Health and Nutrition Examination Survey; Questionnaires, Datasets, and Related Documentation. Atlanta, GA:
Centers for Disease Control and Prevention. Available at: http://
www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm
Whitfield G, Riebe D, Magal M, Liguori G. Applying the ACSM
preparticipation screening algorithm to US adults: NHANES
2001–04. Med Sci Sports Exerc. 2017;49:2056–63.
Bredin S, Gledhill N, Jamnik V, Warburton D. PAR-Q? and
ePARmed-X? : new risk stratification and physical activity
clearance strategy for physicians and patients alike. Can Fam
Physician. 2013;59:273–7.
Exercise & Sports Science Australia (ESSA) FAFaSMAS. Adult
Pre-Exercise Screening Tool (APSS). Available at: https://www.
essaorgau/wp-content/uploads/2011/09/Screen-tool-versionv11pdf.
Norton K, Norton L. Pre-exercise Screening Guide to the Australian adult pre-exercise screening system. Melbourne, Australia:
Exercise and Sports Science Australia, Fitness Australia and
Sports Medicine Australia. 2012.
Bradley A. Fresh warnings over ‘fit to exercise’. Australian
Doctor. 2012.
Smart N, Williams A, Lyndon K. The role and scope of
accredited exercise physiologists in the Australian healthcare
system. J Clin Exerc Physiol. 2016;5:16–20.

123

1302
37. Davison K, Askew CD. Ensuring safe exercise participation in
clinical populations: who is responsible? Med J Aust.
2015;203(1):16–7.
38. Anter E, Jessup M, Callans DJ. Atrial fibrillation and heart failure: treatment considerations for a dual epidemic. Circulation.
2009;119(18):2516–25.
39. Ferreira PH, Ferreira ML, Maher CG, Refshauge KM, Latimer J,
Adams RD. The therapeutic alliance between clinicians and
patients predicts outcome in chronic low back pain. Phys Ther.
2013;93(4):470–8.
40. Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester
C, et al. An official American Thoracic Society/European Respiratory Society statement: key concepts and advances in pulmonary rehabilitation. Am J Respir Crit Care Med.
2013;188(8):e13–64.
41. Sanford KL, Williams KM, Archbald JA, Parsonage WA, Scott
AC. Non-physician-led exercise stress testing is a safe and
effective practice. Crit Pathw Cardiol. 2013;12(4):177–80.
42. Rognmo O, Hetland E, Helgerud J, Hoff J, Slordahl SA. High
intensity aerobic interval exercise is superior to moderate intensity exercise for increasing aerobic capacity in patients with
coronary artery disease. Eur J Cardiovasc Prev Rehabil.
2004;11(3):216–22.
43. Rognmo O, Moholdt T, Bakken H, Hole T, Molstad P, Myhr NE,
et al. Cardiovascular risk of high- versus moderate-intensity
aerobic exercise in coronary heart disease patients. Circulation.
2012;126(12):1436–40.
44. Wisloff U, Stoylen A, Loennechen JP, Bruvold M, Rognmo O,
Haram PM, et al. Superior cardiovascular effect of aerobic
interval training versus moderate continuous training in heart

123

A. J. Maiorana et al.

45.

46.

47.

48.

49.

50.

51.

failure
patients:
a
randomized
study.
Circulation.
2007;115(24):3086–94.
Rehabilitation AAoCaP. Guidelines for Cardiac Rehabilitation
and Secondary Prevention Programs. 4th ed. Champaign: Human
Kinetics; 2004.
Ismail H, McFarlane JR, Nojoumian AH, Dieberg G, Smart NA.
Clinical outcomes and cardiovascular responses to different
exercise training intensities in patients with heart failure: a systematic review and meta-analysis. JACC Heart Fail.
2013;1(6):514–22.
Swain D. Vigorous intensity exercise is essentially safe for
coronary heart disease patients. Evid Based Med.
2013;18(4):159–60.
Weston KS, Wisloff U, Coombes JS. High-intensity interval
training in patients with lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis. Br J Sports Med.
2014;48(16):1227–34.
Levinger I, Shaw CS, Stepto NK, Cassar S, McAinch AJ,
Cheetham C, et al. What doesn’t kill you makes you fitter: a
systematic review of high-intensity interval exercise for patients
with cardiovascular and metabolic diseases. Clin Med Insights
Cardiol. 2015;9:53–63.
Fletcher GF, Ades PA, Kligfield P, Arena R, Balady GJ, Bittner
VA, et al. Exercise standards for testing and training: a statement
from the American Heart Association. Circulation.
2013;128:873–934.
Norton K, Norton L, Sadgrove D. Position statement on physical
activity and exercise intensity terminology. J Sci Med Sport.
2010;13:496–502.

