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Introduction to screening 
 
When people exercise, and es-
pecially when they upgrade their 
level of physical activity (PA) from a 
sedentary or low baseline, there is 
an increased risk of experiencing an 
adverse event. An adverse event is 
an unexpected event that occurs as 
a consequence of an exercise 
session resulting in ill health, physi-
cal harm, or death to an individual.1 
Although the risk of a serious ad-
verse event during low-moderate in-
tensity exercise is very small, 
pre-exercise screening is a process 
designed to reduce the risk even 
further. Overall, it is a process of 

identifying ‘at-risk’ individuals using 
their responses to a structured ques-
tionnaire.  
 
A systematic approach to pre-exer-
cise screening in Australia has been 
developed by three professional or-
ganisations – Exercise and Sport 
Science Australia (ESSA), AUSactive 
and Sports Medicine Australia 
(SMA). The approach is called the 
Adult Pre-exercise Screening System 
(APSS) and is the standard within the 
exercise-related health and fitness 
industries in Australia.1 

 
The APSS enables physical fitness 
service providers to introduce new 
clients to exercise in a way that is 
consistent with nationally recogni-
sed best practice. It also enhances a 
facility’s risk management strategy 
by reducing the risk of serious in-
juries or incidents and providing 
evidence of duty of care.2,3 

Introduction to the Australian 
adult pre-exercise screening  
system (APSS)  
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Figure 1 The Adult Pre-exercise Screening System (APSS) was co-developed by Exercise 
and Sports Science Australia (ESSA), AUSactive and Sports Medicine Australia (SMA). The 
compulsory questions in Stage 1 of the APSS tool are shown. The updated APSS Version 2 
was released in 2019.
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The APSS consists of a tool (ques-
tionnaire and risk factor assessment 
items), and a brief guide to interpre-
ting the responses. The tool is in two 
parts: (1) a compulsory section 
called Stage I which is a 7-item 
questionnaire concerning known 
diseases and/or signs and symptoms 
of disease - shown in Figure 1, and 
(2) a recommended section called 
Stage 2 which consists of risk factor 
measurements and responses about 
behaviours that can assist in deter-
mining a risk profile of the client. 
Stage 2 can help when tailoring ex-
ercise prescription for clients.2 

 
The compulsory section of the APSS 
can be self-administered and self-
evaluated. This means there is an 
option for clients to complete the 
questionnaire on-line or in hard 
copy but without necessarily having 
a health professional ask them the 
questions or assist in any other 
way.2,30 The aim of Stage 1 is to 
identify individuals with known dis-
ease, and/or signs or symptoms of 
disease, who may be at a higher risk 
of an adverse event due to exercise. 
If the client has questions or con-
cerns, then they should be given the 
opportunity to seek assistance from 
the organisation offering the service 
before beginning exercise. 
 

Given the high proportion of adults 
who are not sufficiently active, the 
rising problem of overweight and 
obesity prevalence, and generally 
low physical fitness, it is important 
that the screening system is 
relatively quick and easy to admin-
ister and does not discourage people 
from being physically active due to 
burdensome barriers. Therefore, the 
challenge is to accomplish this 
while still having the sensitivity to 
identify those at increased risk of an 
adverse event and for whom further 
allied health professional or medical 
assistance may be recommended. 
 
The overall structure of the APSS 
pre-exercise screening system is il-
lustrated in Figure 2. It shows the in-
itial compulsory questionnaire in 
Stage 1 and an optional, but recom-
mended, Stage 2 that aims to deter-
mine the presence and extent of 
major risk factors for chronic con-
ditions. This information can be 
valuable when designing appropri-
ate exercise programs. 
 
Why has the APSS been updated?   
 
In the 1st edition of the APSS (2011) 
the screening process involved es-
tablishing the number of risk factors 
present for a client. This sub-
sequently led to a classification of 
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low, medium or high risk of an exer-
cise-related adverse event. The 2nd 
edition (2019) has mirrored more re-
cent changes made to the pre-par-
ticipation guidelines in the USA 
developed by the American College 
of Sports Medicine.3  
 
 

The contemporary APSS tool has 
kept the same objectives but now fo-
cuses more on the client’s current 
PA patterns, as well as the presence 
of known cardiovascular, respiratory, 
or metabolic diseases or signs/symp-
toms of these diseases. The reason is 
these elements have been shown to 
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Figure 2 The general structure of the APSS pre-exercise screening system. Pre-exercise 
screening needs to be sensitive enough to identify people at an increased risk of an acute 
adverse event but practical and easy to administer. The goal is to identify those at most risk 
of a serious exercise-related problem. Stage 1 is the compulsory stage consisting of 7 
questions. It can be done face-to-face or online.30 It is designed to be self-administered 
and self-evaluated. Those at higher risk are recommended to seek further guidance from 
either an accredited exercise physiologist, medical practitioner or other allied health pro-
fessional. Individuals at a lower risk – who answer ‘no’ to all the questions in Stage 1 – 
can begin an exercise program that is tailored towards their current PA levels and capabil-
ities, as well as their goals. 
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impact the likelihood of serious ex-
ercise-related adverse events.3,4 The 
desired exercise intensity of the 
client is still important but there is 
greater responsibility placed on the 
exercise professional to monitor and 
safely guide the client in an incre-
mental and progressive way. Re-
viewing the client’s current PA 
patterns and aspirations, as well as 
their health risk factors, helps in 
tailoring the client’s program. 
 
This current Pre-exercise Screening 
Guide is a more comprehensive 
compendium that has been devel-
oped to assist exercise professionals 
interpret responses to each question 
and measurement in the APSS. The 
Guide may help to educate and ad-
vise clients in relation to the links 
between major risk factors and life-
style behaviours. It is anticipated this 
Guide will also assist people work-
ing in the exercise and fitness indus-
tries to be aware of, and routinely 
use, the Australian APSS. 
 
Why screen? 
 
Pre-exercise screening is about 
identifying people who may have 
health-related conditions or risk fac-
tors which increase the probability 
of an adverse event during exercise. 
Screening, therefore, is a filter or 

‘safety net’ to help determine if the 
potential benefits of exercise out-
weigh the risks for an individual at 
that point in time. Furthermore, an 
extension of the pre-exercise screen-
ing process often involves measuring 
the number and type of health risk 
factors a person has. Health-related 
information gathered as part of the 
pre-exercise screening process 
allows the exercise programmer to 
avoid certain activities or to modify 
the intensity and duration of exer-
cises to minimise the risk to the par-
ticipant. It can also help to 
demonstrate the health benefits of 
regular PA whereby risk factors can 
be tracked to quantify improvements 
over time and to educate partici-
pants about behaviours and risk fac-
tors. 
 
In some instances, measuring risk 
factors and identifying extreme 
values or unusual combinations of 
risk factors, may mean professional 
judgement is used to refer clients for 
additional medical or allied health 
professional advice. 
 
How often do adverse events 
occur? 
 
Adverse events during physical ac-
tivity range in severity and include 
feeling ill, musculoskeletal injuries, 
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fainting, falling, and a spectrum of 
other issues up to suffering from 
chest pain, a heart attack, or dying 
suddenly from a cardiac arrest or 
stroke.3 The incidence or likelihood 
of adverse events varies depending 
on the type of clients you might be 
working with, and the classification 
system used. In clients with known 

cardiovascular disease (CVD), for 
example, minor adverse events can 
occur between 0.04 – 2.5 per 
hour.4,6 These have typically been 
found to be signs and symptoms of 
exercise intolerance but may pre-
cede events with a worse prognosis, 
highlighting the need for careful 
supervision.4 However, cardiac 
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Figure 3 The incidence of exercise-related sudden cardiac death (SCD) is shown for 
several sub-groups relative to the non-exercise-related background population rate.3 To 
place these absolute rates of exercise-related SCD into perspective, the background rate 
is effectively the number of people, on average, who will likely die by SCD in a popu-
lation of 100,000 people across a year. The absolute rate of SCD in background settings 
is much higher because of the greater absolute time spent in sedentary/non-exercising 
activities. The incidence rate increases per 100,000 people-years with age, men have a 
higher rate of SCD in all categories, and it is higher in competitive athletes exercising at 
extreme intensity levels. Trends over time depend on multiple factors including avail-
ability of AED devices, the general population age demographic and typical physical 
activity patterns. 
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problems including sudden death, 
although extremely rare, are more 
common in patients recovering from 
previous heart problems or those 
with known heart conditions; hence 
the compulsory questions and rec-
ommended measures in the APSS 
tool. The sections below discuss 
more serious life-threatening adverse 
events including myocardial infarc-
tion (MI), sudden cardiac arrest 
(SCA), and sudden cardiac death 
(SCD) . 
 
- Risk of SCD at rest 
The absolute risk of SCD in the gen-
eral adult population is very low. For 
example, studies show the back-
ground population rate of SCD is 
between 43 – 55 per 100,000 per-
son-years as illustrated in Figure 3. 
In other words, approximately 43 – 
55 people will experience SCD per 
year if 100,000 people are tracked 
across the 12-month period.4  
 
SCD rates vary considerably be-
cause of such low absolute numbers 
and difficulty tracking large popu-
lations to maintain accurate data-
sets. Additionally, rates change over 
time due to improved preventative 
care and clinical practices such as 
first-responder protocols using mod-
ern technologies including auto-
matic external defibrillators which, 

in Australia, are now available in 
many public locations and gyms.5,6  
Trends over time also depend on the 
general population age demo-
graphic, typical physical activity pat-
terns and health profiles. 
 
Figure 3 illustrates several important 
points:  
(1) many more people die of SCD 
while not exercising than when ex-
ercising,  
(2) the risk of SCD during exercise is 
extremely low across the general 
population of exercisers,  
(3) the incidence rate increases per 
100,000 people-years with age,  
(4) men have a higher rate of SCD 
(in all categories), and  
(5) the SCD rate is higher in com-
petitive athletes exercising at ex-
treme intensity levels compared to 
recreational athletes who tend to 
compete at lower absolute and 
relative intensities.  
 
Numerous studies have shown a 
protective effect against developing 
CVD with increasing levels of regu-
lar PA and cardiorespiratory fit-
ness.4,7-10 Importantly, these health 
benefits reduce the probability of 
both SCA and SCD during rest.4 For 
example, despite wide variations in 
findings, on average, regular exer-
cisers have a risk of dying during 
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rest of about 0.2 in every million 
hours compared to sedentary people 
who have a risk of dying at rest of 
about 0.4 per million hours. This is 
illustrated in Figure 4. Importantly, 
since we are at rest for most of the 
day, it translates to an approximate 
50% overall reduction in SCA and 
SCD for those who are habitually 
active. 
 
- Risk during exercise 
The increased ‘protection’ at rest for 

regular exercisers comes at a cost. 
During exercise, even those accus-
tomed to PA may transiently in-
crease their risk of SCA and SCD. 
The magnitude of the increased risk, 
however, should be kept in perspec-
tive since the occurrence of such an 
adverse event is exceedingly rare. 
 
Figure 4 shows that during moderate 
exercise there is an increased 
chance of SCD (during the exercise) 
by about 2–6 fold compared to rest-
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Figure 4 Risk of SCD in both 
inactive and physically active 
individuals at rest and as ex-
ercise intensity increases. The 
overall median population 
rate of SCD at rest is repre-
sented as the dashed line 
near the bottom of the figure. 
The median value is approxi-
mately 0.3 SCDs per million 
living hours (resting data are 
from: 4,5,11-14). In general, the 
SCD rate at rest increases as 
the age group increases, is 
about 50% higher in men 
versus women at all ages, 
and varies across ethnic 
groups. The figure also shows 
SCD rates increase as the ex-
ercise intensity increases. The 
estimated average values are 
illustrated, together with a 
range of values reported in 
the literature. Habitually ac-
tive individuals have a 
relative ‘protection’ at all 
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levels of intensity from rest (about a 50% reduction) through to vigorous exercise (up 
to 20 times lower). SCA rates are also reduced compared to those less regularly ac-
tive by up to 50 times at the most extreme intensities. (Exercise data are from 4,15-21). 



ing conditions. That is, the average 
rate increases from about 0.3 SCDs 
to about 0.7–1.8 in every million 
hours of moderate exercise for ‘ap-
parently healthy’ or ‘low risk’ 
people, although this can vary be-
cause rates are so low.4,15 All large 
studies report rates of SCD increase 
during the most intense exercise. 
The increased rates range from 5–15 
times in those who are regularly ac-
tive, up to about 25-100 times or 
more in those who aren’t.4 As a rule 
of thumb - higher exercise intensity 
is associated with higher adverse 
events/death rates. 
 
People with CVD risk factors such as 
high blood pressure, obesity, or dia-
betes are more likely to suffer ad-
verse events during exercise. For 
example, even in submaximal exer-
cise at a moderate-intensity level 
there are more adverse events and 
abnormal ECG outcomes in people 
with cardiovascular disease risk fac-
tors. Compared to people with 0-2 
risk factors, those with 3-4 risk fac-
tors were 2.6 times more likely to 
show an abnormal ECG and those 
with 5-7 risk factors were 5.4 times 
more likely.22 Therefore, if a client 
has recognizable risk factors, and 
especially if they are not undertak-
ing regular PA, then additional cau-
tion is required and a conservative 

approach to exercise testing and 
prescription is warranted. 
 
- Causes 
There are several major underlying 
causes of exertion-related MI and 
SCD. These vary between men and 
women such that hypertrophic car-
diomyopathy and plaque disruption 
are more common in males, while 
coronary anomalies and arrhythmias 
predominate (the lower rates) in 
women. Overall, the major causes 
of SCA and SCD in adults are acute 
plaque disruption or rupture, 
chronic coronary artery disease, ex-
ercise-induced myocardial ischemia, 
and arrhythmic disorders.23 Acute MI 
also occurs with a higher-than-ex-
pected frequency during or soon 
after physical exertion, especially 
among men >30 years of age. This 
reinforces the need to monitor 
clients during and post-exercise, es-
pecially those who may be new to 
exercise sessions or are unaccus-
tomed to increased exercise inten-
sity. 
 
Factors that influence SCD rates 
- Age 
Several large population-based 
studies have shown that both SCA 
and SCD increase with age. One 
study showed people over 35 yr had 
a 10-fold increased risk of SCA com-
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pared to their younger peers.24 
Another study found SCD rates for 
men 55-65 yr were over 40-times 
higher compared to those aged 
under 25 yr.25 

 
- Sex 
Exercise-related SCD rates are 
higher in men than in women by ap-
proximately 15 to 20-fold, with the 
biggest differences in the 45-55 yr-
old age range.4 Even when playing 
similar sports, SCD rate is higher 
among male college athletes com-
pared to female athletes. Addi-
tionally, SCD during marathons and 
half marathons has been shown to 
be about 5-times higher among men 
than women when standardised by 
participant numbers.26 

 
- Physical activity habits 
Vigorous exercise carries a transient 
increase in the probability of suffer-
ing MI, SCA and SCD.27 This risk is 
greatest in people who do not habit-
ually perform vigorous exercise.4 
Regular training has been shown to 
reduce the incidence of SCA during 
sports activity.29 For example, in a 
non-habitually active, but otherwise 
healthy 50-year-old male, the risk of 
having an acute myocardial infarc-
tion in any given one-hour period 
averages about 1 in 1,000,000. If 
this individual was to perform vigor-

ous exercise, his risk would be in-
creased to perhaps 100 times during 
and for about one-hour post-exer-
cise. However, if this individual 
regularly performed vigorous exer-
cise, such as running for one or 
more hours a week, he would have 
about 50% lower baseline risk of 
having an event. Additionally, his 
exercise-associated increased risk of 
myocardial infarction (MI) would 
also be substantially lower by about 
20 to 50-fold.4 The evidence that the 
benefits of exercise outweigh the 
potential risks in healthy individuals 
is unequivocal and extends to all 
physiological systems. Studies on 
SCD among athletes show in almost 
all cases the most common causes 
are related to congenital and heredi-
tary abnormalities. 
 
Measuring risk factors for health  
assessment 
 
People often get confused about risk 
factors for acute adverse events such 
as heart attack or stroke, versus risk 
factors that are predictive of devel-
oping chronic conditions such as 
diabetes or cardiovascular disease.  
 
There are signs or symptoms of dis-
ease, and known chronic con-
ditions, that are predictive of 
adverse events during and shortly 
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after exercise. This is why we try to 
identify them in Stage 1 of the APSS. 
 
However, risk factors that might be 
associated with the probability of an 
adverse event may not be the same 
as those linked to developing 
chronic disease (see APSS Stage 1). 
For example, a family history of 
heart attack or smoking behaviour 
clearly increase the possibility of an 
adverse event during exercise. How-
ever, some variables are predictors 
of acute adverse events and are only 
weakly associated with longer-term 
chronic disease development. These 
include acute infection and feeling 
unwell, engaging in heavy lifting or 
prolonged isometric activity, adverse 
environmental conditions, or exer-
cising when under additional stres-
sors such as work or social 
problems. Conversely, risk factors 
associated with developing chronic 
diseases such as elevated blood 
pressure and obesity, are common in 
most populations yet, as illustrated 
in Figures 3 and 4, SCD during rest 
is low, and extremely rare during ex-
ercise.  
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Introduction to negligence 
 
As a health and fitness professional, 
it is essential to conduct work safely 
to minimise the risk of accidents or 
injuries. This applies not only to pro-
tecting your clients but also to your-
self, your colleagues, and others 
who may be affected by your actions 
or inactions. 
 
Injury risk should be managed be-
cause you aim to act dutifully to 
minimise the occurrence of adverse 
events and also because there is a 
legal requirement to do so. 
 
Accidents and adverse events can 

happen, however if someone suffers 
an injury or loss due to another per-
son’s negligence, they may be 
legally entitled to compensation.  
 
Examples: A personal trainer begins 
a weightlifting program with a new 
client without conducting any pre-
exercise screening. The client has a 
pre-existing lower back condition 
that they did not disclose, and dur-
ing a heavy lifting session, they sus-
tain a serious spinal injury. 
 
While the client did not inform the 
trainer of their condition, the per-
sonal trainer or fitness business may 
still be liable for negligence due to 
the failure to conduct a screening 
process to identify potential risks. In 
this example, it highlights fitness 
professionals have a duty of care to 
ensure clients are adequately as-

Pre-exercise screening:  
Legal duty of care
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Health and fitness facilities, and exer-
cise professionals offering exercise 
services and training equipment, 
should ensure all new clients under-
take pre-exercise screening such as 
the APSS.
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sessed and prepared for prescribed 
physical activities to prevent avoid-
able injuries. Other examples where 
a fitness provider may also be liable 
to compensate clients who injure 
themselves in the course of fitness 
activities may include the provision 
of services such as inappropriate ex-
ercise advice or information, the 
state of equipment or the state of the 
premises where the service is pro-
vided.  
 
Determining liability can be com-
plex, especially when other individ-
uals or the injured person have 
contributed to the incident. How-
ever, it is crucial for you, and other 
health professionals to understand 
your legal responsibilities and take 
proactive measures to minimise risks 
and prevent harm. 
 
Negligence law in Australia 
 
In Australia, negligence claims will 
generally be between the injured 
person (plaintiff) and the person or 
organisation they claim to be negli-
gent (defendant). 
 
Most Australian states have laws 
around negligence, for example, in 

New South Wales, the Civil Liability 
Act 20021 determines the rules 
around negligence.  These laws 
differ slightly between states but es-
sentially have the same require-
ments. For a negligence claim to 
succeed, the plaintiff must prove 
three key elements in court: 
 
1. Duty of care 
2. Breach of that duty 
3. Damage caused by the breach 
(causation) 
 
(1) Duty of Care 
 
The first element of negligence con-
siders the relationship between the 
plaintiff and the defendant. A duty of 
care exists when a person, business 
or group has a responsibility to 
avoid causing harm to another. 
 
Several factors are considered when 
determining whether a relationship 
should carry a duty of care. This in-
volves balancing the likelihood and 
seriousness of potential harm against 
the burden and practicality of taking 
preventative measures to avoid po-
tential harm.2 
 
Courts determine this by asking: Is it 
‘reasonably foreseeable’ that a per-
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son could be harmed by the actions 
or omissions of another? 3 In other 
words, a duty of care exists if a rea-
sonable person could predict that 
their acts or omissions might harm 
those closely and directly affected 
by their actions. 
 
For example, it is reasonably fore-
seeable that a hazardous gym, such 
as one cluttered with weights and 
equipment, could cause injury to 
others using the area. The effort 
required to remove these hazards is 
minimal and the potential harm is 
serious, making it both reasonable 
and necessary to take such pre-
cautions to protect other users of the 
space. In this situation, the gym 
owes its members a duty of care and 
may be found negligent if it fails to 
take reasonable steps to prevent 
harm caused by hazards within its 
premises. 
 
It is not negligent if a person is in-
jured from something that is extra-
ordinarily unlikely, or 
‘unforeseeable’, as this would be 
unfairly burdensome to have to miti-
gate. 
 
In a case where duty of care is not 
obvious, then a court will use this 

approach to determine if there was a 
duty owed. However, many relation-
ships are considered to have an ‘es-
tablished duty of care’. This is most 
common and will be more appli-
cable to your practice. 
 
Established Duty of Care 
 
Certain relationships are recognised 
as always giving rise to a duty of 
care, based on their inherent nature. 
These relationships reflect an imbal-
ance of knowledge, expertise, or 
control, where one party is reason-
ably expected to protect the interests 
or safety of the other. The courts 
have consistently upheld such duties 
in various contexts, including: 
 
Healthcare providers to their  
patients 
 
In the case Rogers v Whitaker,4 the 
courts confirmed the established 
duty of care from healthcare pro-
viders to their patients, meaning 
they are required to meet a standard 
of care consistent with their profes-
sional expertise and responsibilities.  
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Instructors of recreational activities 
and their students 
 
In the case Renehan v Leeuiwin 
Ocean Adventure Foundation Ltd,5  
the court held that those who in-
struct or supervise recreational activ-
ities owe a duty of care to 
participants. Activities that fall under 
the definition of recreational are dis-
cussed later in this chapter.  
 
Professionals in the provision of ser-
vices to their clients 
 
There is no single, standard defini-
tion of ‘professional’ in law, but 
beyond traditional professions like 
lawyers and doctors, this concept 
extends to various industries. Profes-
sionals, including fitness trainers, 
physiotherapists, and other service 
providers, owe a duty to perform 
their roles with the standard of care 
recognised within their respective 
professions. 
 
Employers to employees 
 
Employers owe a duty to ensure the 
safety of their employees in the 
workplace. This includes maintain-
ing a hazard-free environment, pro-
viding adequate training, and 

supplying appropriate equipment. 
 
In these relationships, an established 
duty of care exists, meaning that 
failure to take reasonable pre-
cautions to prevent injury or harm to 
others may be considered negligent. 
This duty requires individuals to act 
in a manner that reduces fore-
seeable risks, and if breached, can 
lead to liability for any resulting 
harm. 
 
(2) Breach of Duty 
 
Once a duty of care is established, 
the next step is to determine if it has 
been breached. This is often the 
focus of legal arguments, as it is the 
most subjective element of negli-
gence. Essentially, the question be-
comes whether the defendant has 
failed to meet the standard of care 
required in their relationship with 
the plaintiff. 
 
Standard of Care 
 
In determining whether a breach has 
occurred, courts will consider what 
is an appropriate standard of care. 
The standard of care is the level of 
skill, caution, and attention that a 
reasonable person in the same cir-
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cumstances would exercise to pre-
vent harm. The reasonable person is 
expected to exercise a balanced 
level of caution, avoiding both ex-
cessive fear of unlikely risks and 
over-confidence that might lead to 
reckless behaviour.6  
 
This standard of care goes further 
when negligence occurs in a profes-
sional setting. When a member of a 
profession or group, such as allied 
health professionals or fitness 
trainers is involved, the standard of 
care for a reasonable person is con-
sidered to be what is widely ac-
cepted by members of the same 
profession as competent professional 
practice.7  Importantly, inexperience 
is not taken into account when as-
sessing the standards of a person 
professing a particular qualification. 
This is a general rule that is appli-
cable in a range of contexts, includ-
ing health professionals. Even a 
newly qualified fitness instructor or 
personal trainer will be expected to 
adhere to the standard of the ‘rea-
sonably competent professional per-
sonal trainer’, as was noted in 
Wilson v Nilepac Pty Ltd t/as Vision 
Personal Training.8   

Case example: In Wilson v Nilepac,9 
an inexperienced personal trainer 
instructed a 40-year-old client with 
limited exercise experience to per-
form medicine ball sit-ups, where 
the trainer threw a weighted ball to 
the client. The trainer acknowledged 
they had never been trained on how 
to safely conduct the exercise but 
had observed other trainers doing it 
and assumed it was appropriate. As 
a result, the client sustained a back 
injury, and both the trainer and their 
employer were held vicariously li-
able. Expert testimony in the fitness 
industry helped establish the reason-
able standard of care for such exer-
cises, being that appropriate 
screening or inquiry into the client’s 
strength and capacity for the exer-
cise should have been taken. The 
trainer's inexperience was not a 
valid defence, as they were held to 
the same standard as other profes-
sionals in the field. 
 
The courts will often invite experts 
in their field to give evidence on 
what is acceptable practice and de-
termine an appropriate standard of 
care from this. The Adult Pre-Exer-
cise Screening System (APSS) was 
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collaboratively developed and en-
dorsed by three key professional or-
ganisations: Exercise and Sports 
Science Australia, AUSactive, and 
Sports Medicine Australia, and is 
supported by the 'Exercise is Medi-
cine' movement. It establishes the 
standard of care expected of health 
and fitness professionals in assessing 
individuals before starting or signifi-
cantly increasing their exercise rou-
tines, or when there are substantial 
changes in a person's health status. 
Therefore, it can be said that for pro-
fessionals involved in the prescrip-
tion, performance and supervision 
of health and fitness testing and ex-
ercise, an industry agreed upon 
standard would include appropriate 
pre-exercise screening. If pre-exer-
cise screening is inadequate and a 
person is injured as a result, it could 
be considered negligence.10  
 
Case example: In Belna Pty Ltd v 
Irwin,11 the court examined whether 
a gym was liable for damages when 
a member injured their knee during 
an exercise program. Despite the 
gym member signing a liability 
waiver and disclosing a previous 
knee injury, the gym was found re-
sponsible for the injury. This was be-
cause the gym, aware of the prior 

injury, still prescribed lunges, an ex-
ercise that posed a risk of further 
harm. 
The judge in this case considered 
expert evidence regarding the likeli-
hood of a recurring injury and sug-
gested that, upon being informed of 
a previous knee injury in pre-exer-
cise screening the gym should have: 
 
1.  Enquired further about the injury 
2.  If they had inquired, they should 
have known about risk associated 
between exercise and injury, and 
therefore 
3.  Should not have prescribed the 
exercise. 
 
The case also addressed the proper 
use of liability waivers and 
contracts, highlighting the need for 
these documents to be specific and 
carefully worded to effectively limit 
liability in negligence claims. 
 
Risk warnings, contracts and liabil-
ity waivers 
 
Certain activities inherently carry a 
risk of harm, and negligence laws 
may provide a defence against lia-
bility in these cases. Sport, exercise, 
and gym programs are often classi-
fied as ‘recreational activities’, when 

22

Du
ty 

of 
Ca

re

 10 Belna Pty Ltd v Irwin [2009] NSWCA 46 
 11 Belna Pty Ltd v Irwin [2009] NSWCA 46 
 



undertaken for enjoyment, relax-
ation or leisure.12  However, this 
may not apply to exercise that is 
prescribed or undertaken for medi-
cal purposes. 
 
Risk warnings, contracts or waivers 
of liability are often used by busi-
nesses where there are inherent 
risks. They can be very useful and 
are recommended practice in sports, 
gyms and other recreational activ-
ities. However, these are not always 
enforceable, particularly when they 
are inappropriate, insufficient or 
non-specific to the risks associated 
with injury. 13  
 
Case example: Powell v JFIT Hold-
ings Pty Ltd t/as New Dimensions 
Health and Fitness Centre [2020] 
NSWDC 264 
• Ms Powell, a gym member, in-
jured her back while lifting a 25kg 
weight plate that had been left on 
the floor by other members. She was 
attempting to clear the space to per-
form her workout. 
• Despite the gym having signage 
instructing members to put away 
weights and a rule for staff to clear 
the area during inspections, there 
were no staff available at the time to 

ensure compliance. 
• The court found the gym liable for 
failing to maintain a safe environ-
ment. It determined that the hazard, 
weights left scattered on the floor, 
posed a foreseeable risk of harm, 
and the gym’s lack of staff to address 
this risk constituted a breach of its 
duty of care. 
• The court rejected the gym’s re-
liance on a liability waiver, as the 
injury occurred during a preliminary 
activity, clearing the weights in 
preparation for activity, not during 
the actual recreational activity itself. 
This distinction meant the waiver 
did not apply in this context. 
• Ms Powell was awarded damages 
of over $550,000 for her injury, 
which required multiple surgeries. 
 
(3) Damage caused by the breach 
(causation) 
 
After proving that a duty of care 
both existed, and was breached, the 
third element of negligence is to 
prove that the plaintiffs’ damages or 
injury was caused by the breach of 
the duty – causation. Most of the 
time, causation is straightforward. In 
the example of Ms Powell, it is clear 
that her injuries directly resulted 
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from moving weights left on the 
floor by other members. Because the 
breach of duty of care caused the in-
jury, the defendant was liable for the 
damages that occurred. Causation 
requires the plaintiff to demonstrate 
two key aspects: 
 
1. Factual Causation14 
Factual causation, often referred to 
as the ‘but for’15  test or the ‘necess-
ary condition’ test, examines 
whether the harm suffered by the 
plaintiff would not have occurred 
‘but for’ the defendant's breach of 
duty. In simpler terms, it asks 
whether the injury would have been 
avoided if the defendant had not 
been negligent. 
 
In some cases, establishing factual 
causation is relatively straightfor-
ward. For example, if a poorly main-
tained machine malfunctions and 
injures a user, it is clear that the 
harm would not have occurred ‘but 
for’ the defendant’s failure to main-
tain the equipment. 
 
However, the link between the 
breach and the harm can be more 
complex in other scenarios. For in-

stance, if someone suffers a heart at-
tack during an exercise they were 
instructed to perform, it might be ar-
gued that ‘but for’ the exercise pro-
gram, the heart attack would not 
have happened. It may be that the 
plaintiff had heart disease and could 
have had the heart attack at any 
point in time, and was not related to 
their exercise program. The causal 
link between the breach and the in-
jury is then to be discussed in court. 
This argument could hold if inad-
equate screening failed to identify a 
pre-existing heart condition. On the 
other hand, if the negligence (such 
as a lack of screening) would not 
have detected the specific issue re-
sponsible for the heart attack, it can-
not be concluded that the breach 
directly caused the injury. 
 
When arguing factual causation, the 
likely actions of the plaintiff, had the 
defendant not been negligent, are 
also considered.16  Using the 
example above, If the defendant 
negligently failed to properly screen 
the plaintiff, but it can be shown 
that the plaintiff would have ignored 
their advice even if screened, then 
factual causation cannot be proven. 
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This is hard to argue because it 
requires evidence showing why the 
plaintiff would have disregarded the 
advice. 
 
2. Scope of Liability17 
This examines whether the defend-
ant should legally be held respon-
sible for the harm, even if factual 
causation is proven. The central 
question is whether the harm was 
too remote to be foreseen or con-
sidered connected to the negli-
gence.  
 
• Foreseeability of Harm: The de-
fendant is only liable for harm that a 
reasonable person could foresee as 
a likely consequence of their ac-
tions.18  If the consequence was an 
unforeseeable result of negligence, 
then the defendant is not at fault. 
 
• Eggshell Skull Rule: The defendant 
must take the plaintiff as they find 
them. This means liability extends to 
the full extent of harm, even if the 
extent was unforeseeable, provided 
the type of harm was foreseeable.19  
 
The eggshell skull rule is particularly 

relevant in the context of exercise 
screening, as it holds that a defend-
ant must take their plaintiff as they 
come. This means that if a person 
with a pre-existing condition is not 
adequately screened before partici-
pating in exercise, the risk of harm is 
foreseeable. It is irrelevant that most 
people who do not have a pre-exist-
ing condition, would have handled 
the exercise without harm. If a 
minor injury exacerbates a pre-exist-
ing medical condition, the defend-
ant remains liable for the full scope 
of the resulting harm. This rule dic-
tates that the defendant is respon-
sible for all consequences of their 
actions, regardless of the plaintiff’s 
vulnerability or pre-existing con-
ditions. It ensures that the standard 
of care is not diminished based on a 
person's medical history. 
 
In the previous case example: Pow-
ell v JFIT Holdings20  the issue of 
causation was examined, and the 
plaintiff established factual causa-
tion. The defendant's negligence in 
leaving a heavy weight plate on the 
gym floor directly caused the plain-
tiff's injury, as she would not have 
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needed to move it if the area had 
been properly maintained. Ms Pow-
ell required multiple surgeries on 
her back. The first procedure was 
performed incorrectly and worsened 
the injury. Despite the fact the injury 
was made worse by medical inter-
vention of the original injury, the 
chain of causation was found to still 
apply, and the defendant remained 
liable for the injury and its compli-
cations. 
 
Conclusion 
 
Health and fitness professionals and 
facilities should make sure all clients 
complete a pre-exercise screening, 
like the Adult Pre-Exercise Screening 
System (APSS). This follows recogni-
sed national standards and best 
practices, helping to identify poten-
tial health risks and keep everyone 
safe. 
 
Doing these screenings shows you 
are serious about your duty of care 
and helps reduce the chance of ac-
cidents, adverse events or legal is-
sues. Keeping records of the 
screenings also proves you have 
taken reasonable steps to manage 
risks if something does go wrong. 

Ultimately, prioritising proper pre-
exercise screening is not just about 
protection from litigation; it is about 
ensuring safety, building trust and 
showing you care about your 
clients' well-being. 
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Introduction 
 
Pre-exercise screening is part of an 
exercise professional’s responsibility 
as reinforced in the ‘Pre-exercise 
screening: Legal duty of care’ 
chapter. It should be completed 
whenever any one or more of the 
following conditions are met:  
 
• Beginning an exercise program 
from a sedentary or low baseline. 
Examples may include a person who 
has been relatively inactive for an 
extended period and decides to join 
a group fitness class, a pilates pro-
gram or a community sports club.  
 

• Intending to significantly upgrade 
an exercise program especially 
when the intensity is elevated sub-
stantially. Examples may include a 
desire to progress from a walking-
based program to high intensity in-
terval training (HIIT).  
 
• When someone’s personal health 
status changes significantly. 
Examples may include the recent di-
agnosis of a chronic disease, re-
covery from a significant injury, or 
following hospitalisation.  
 
The balance between being prudent, 
yet practical, in the health promo-
tion and fitness industries has always 
been at the forefront of consider-
ations when designing pre-exercise 
screening systems. Not enough 
people in Australia exercise regu-
larly, nor do they reach the recom-

APSS Stage 1 
Compulsory Stage
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mended levels for health benefit (see 
Chapter 7 on Current PA/exercise 
levels).1 Therefore, it is important 
that we encourage people to be 
physically active and not place un-
necessary burdens in their path to 
healthier PA habits. At the same time 
there is a raised possibility of ad-
verse events during exercise, es-
pecially for beginners and during 
more intense activity (see Introduc-
tion Chapter). Although this scenario 
has a very low probability, it is im-
portant that we minimise the poten-
tial of this occurring. 
 
The Adult Pre-exercise Screening 
System (APSS V2 released in 2019) 
is detailed in this book. It introduced 
subtle changes to the original APSS 
system.2 The compulsory stage 
(Stage 1) remains a relatively quick 
and focused process to identify is-
sues that could lead to serious ad-
verse events such as heart, 
respiratory or metabolic problems. 
Other questions are included to as-
sist in health risk assessment, indi-
vidualised exercise programming, 
and when tracking health-related fit-
ness changes with exercise programs 
and ageing (Stage 2). 
 
Importantly, the current system 
places greater emphasis on the exer-
cise professional to undertake the 

screening process and adhere to the 
recommendations about additional 
guidance if advised. When dealing 
with new clients without major 
health-related problems, health and 
fitness professionals should still ap-
proach exercise prescription with 
caution and in a staged process of 
progressively increasing exercise in-
tensity. This is both an art and a 
science with an evidence-based 
foundation. Pre-exercise screening is 
an essential element to ensure safe 
and enjoyable conditions in which 
to promote active lifestyles. 
 
Risk factors for acute problems ver-
sus chronic conditions 
 
There is often confusion about risk 
factors for acute adverse events 
(such as heart attack or stroke) ver-
sus risk factors that are predictive of 
developing chronic conditions (such 
as diabetes or cardiovascular dis-
ease).  
 
Risk factors associated with transient 
problems during and shortly after 
exercise may not be the same as 
variables linked with developing 
chronic disease. While there is some 
degree of overlap, for example, a 
family history of heart attack or 
smoking behaviour, some predictors 
of acute adverse events are only 
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weakly associated with longer-term 
chronic disease development. Addi-
tionally, risk factors associated with 
chronic disease development are ex-
tremely common in most popu-
lations yet, as outlined in the 
Introduction chapter, sudden death 
during exercise is extremely rare. 
These relationships are outlined in 
Figure 1. 
 
Compulsory questions in Stage 1 
 
The compulsory part of the pre-exer-

cise screening consists of six general 
questions to determine if a person 
has any major or uncontrolled 
health-related problems. These focus 
on cardiovascular, respiratory, and 
metabolic diseases, signs and symp-
toms of disease, or other medical is-
sues that represent a substantial risk 
when beginning or upgrading cur-
rent physical activity patterns. These 
are specifically addressed in each of 
the following chapters. Question 6 
asks about 'any other conditions' 
that may require special consider-
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Figure 1 The different types of risk factors associated with either ‘a’ acute exercise-re-
lated adverse events or ‘b’ developing chronic conditions. The pathway ‘c’ indicates 
weaker evidence of major risk factors for chronic conditions being strong predictors of 
an acute adverse event during exercise. Conversely, ‘d’ indicates symptomatic chronic 
conditions are risk factors for adverse events during exercise. 



ation for the client to exercise, or 
that could be made worse by under-
taking physical activity. Some com-
mon examples are included in each 
of the chapters. 
 
Managing the screening process  
 
The decision-tree or ‘flow’ of the 
screening process is relatively 
simple: 
 
• If the individual answers ‘YES’ to 
any of the 6 compulsory questions 
in Stage 1 (shown in Figure 1 of the 
Introduction Chapter), they are ad-
vised to seek guidance from an ap-
propriate health professional or 
their medical doctor prior to under-
taking physical activity/exercise. 
 
• If the individual answered ‘NO’ to 
all 6 questions, and they have no 
other concerns about their health, 
clients then proceed to question 7 
on current physical activity/exercise 
patterns.  
 
Question 7 essentially follows the 
Active Australia Questionnaire 
format to allow a computation of the 
total weighted weekly minutes of 
moderate/vigorous physical activity.3 
This information is important be-
cause it leads to one of two exercise 
recommendations:  

• If the total is <150 min/wk, that is, 
considered insufficiently active for 
optimal health benefits, then light to 
moderate intensity exercise is rec-
ommended as a starting point. The 
exercise volume and intensity 
should increase slowly over days or 
weeks.  
 
• If the total is >150 min/wk, that is, 
considered sufficiently active for op-
timal health benefits then it is rec-
ommended the person continues 
with their current physical 
activity/exercise intensity levels. If 
the person has intentions to signifi-
cantly upgrade their exercise pat-
terns, an exercise professional 
should review their current activity 
patterns and design a program of 
progressively increasing exercise 
volume and/or intensity. The pro-
gression should proceed over days 
or weeks.  
 
What is meant by ‘light to moderate 
intensity exercise’?  
 
Chapter 7 details the current stan-
dardised exercise intensity guide-
lines endorsed by ESSA and 
AUSactive.4 The joint position state-
ment on exercise intensity terminol-
ogy was developed to encourage 
consistency in terminology among 
exercise professionals. It contains in-
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formation on sedentary activity, four 
levels of exercise intensity, along 
with approximate heart rate levels, 
ratings of perceived exertion (RPE) 
and other descriptors within each 
intensity category. These may be 
useful when prescribing exercise 
and monitoring people being active.  
 
Using these guidelines, light to mod-
erate exercise intensity is defined as 
up to an intensity where aerobic ac-
tivity can be undertaken whilst 
maintaining a conversation uninter-
rupted. Using the Borg 10-point RPE 
scale, light to moderate exercise is 
up to an intensity of 4 and the dur-
ation of exercise may last for 30-60 
minutes for most people. 
 
The option to undertake more de-
tailed screening and testing in Stage 
2 allows the exercise professional to 
identify specific risk factors and 
other lifestyle behaviours that can 
further assist in appropriate exercise 
prescription. Details of Stage 2 ques-
tions and measurements are found 
in Chapters 8-18 corresponding to 
questions 8-18 in the APSS tool. 
 
Interpreting Stage 1 responses 
 
The APSS tool provides broad gui-
dance as to how to manage the re-
sponses to Stage 1 questions. 

However, these guidelines are 
relatively blunt. That is, they state 
any ‘YES’ responses should result in 
the client seeking further advice 
from an appropriate health profes-
sional or medical practitioner prior 
to undertaking exercise. When bal-
ancing exercise risk versus benefit 
for individuals, it may be useful to 
seek clarification of any 'YES' re-
sponses before referring a person 
on. For example, almost everyone 
has joint aches and pains from time 
to time. This doesn't always mean 
exercise is contraindicated because 
it could be a minor ailment or a 
transient problem or muscle damage 
from an unfamiliar activity. Similarly, 
people with diabetes can benefit 
greatly from an appropriate exercise 
program so having diabetes per se 
may not always require a check-up 
before starting a program, especially 
if it is stable or controlled. Further, it 
is common to experience a brief 
period of dizziness when standing 
up too quickly or changing position 
suddenly, especially as we age. This 
is a natural part of a homeostatic re-
sponse to maintain blood pressure 
and doesn’t always indicate there 
are medical problems.  
 
The screening system doesn't 
require these types of examples to 
be routinely referred to medical or 
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health professionals.  
 
This aligns with the general guide 
provided by the World Health Or-
ganisation for people with chronic 
conditions who state: 
 
“Pre-exercise medical clearance is 
generally unnecessary for individuals 
without contraindications prior to 
beginning light- or moderate-inten-
sity physical activity not exceeding 
the demands of brisk walking or 
everyday living.”5 

 
and 
 
“Adults with chronic conditions may 
wish to consult with a physical activ-
ity specialist or health-care profes-

sional for advice on the types and 
amounts of activity appropriate for 
their individual needs, abilities, func-
tional limitations/complications, 
medications, and overall treatment 
plan.”5 

 
Over time, experience will often 
help clarify these situations. In in-
stances where the exercise profes-
sional has any doubts about the 
health status of their client, then 
sound advice is to seek further assis-
tance from a more experienced col-
league, an allied health professional 
such as an accredited exercise 
physiologist, or from a medical prac-
titioner. 
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1.1 Introduction 
 
Question 1 in the APSS is the first 
question in the compulsory Stage 1. 
The question asks: 
 
Has your medical practitioner ever 
told you that you have a heart con-
dition, or have you ever suffered a 
stroke?  
 
- Cardiovascular disease (CVD) 
 
CVD is a term that describes the dis-
eases and conditions that affect the 
heart and blood vessels. Table 1.1 
lists some of the common forms of 

CVD that people may report when 
responding to this question.  
 
Many types of CVD are caused by 
atherosclerosis. This is a condition 
where deposits of cholesterol and 
other substances build up in the ar-
teries to form fatty plaques and stiff-
ened blood vessels. Atherosclerosis 
can reduce or block blood flow to 
the heart causing angina or a heart 
attack. It can also impact blood flow 
to the brain causing a stroke. These 
diseases are the underlying cause of 
about 25% of all deaths in Australia. 
They also lead to a significant 
number of hospital admissions. For 
example, around Australia in 2021, 
there were an average of about 160 
acute coronary events per day. This 
included unstable angina or heart 
attacks occurring in people aged 25 
or older.1 
 

Heart condition or stroke  01
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People who have had a heart attack 
or surgery such as a bypass oper-
ation will know this is part of their 
medical history and are likely to re-
spond with a 'YES' to this question. 
This background places these 
people at increased risk for an acute 
adverse event and it would generally 
be prudent for them to discuss a 
new exercise program with their 
medical practitioner or accredited 
exercise physiologist.2 
 
It may not immediately require them 
to seek a medical review, it depends 
on the circumstances, the time since 
the cardiovascular event, and cur-
rent physical activity patterns. The 
National Heart Foundation of Aus-
tralia has recommended that provid-
ing the medical condition is stable, 
these types of patients are encour-
aged to begin a light - moderate 
physical activity program (for 
example, walking or gentle station-
ary cycling) without the need for a 
medical check-up. 
 
They also add 'a person's current 
level of activity, the severity of their 
cardiovascular condition, co-mor-
bidities and personal preferences 
should determine the approach and 
rate of progress towards these goals' 
(that is, of 30 minutes of moderate 
activity on most days of the week).3 

If there is any doubt about the per-
son’s CVD status then seek advice 
from more experienced allied health 
professionals such as an accredited 
exercise physiologist, or a medical 
practitioner. 
 
- Cerebrovascular diseases (CeVD) 
 
Cerebrovascular diseases (CeVD) in-
clude stroke. Stroke is the second 
most common cause of death world-
wide, behind ischemic heart dis-
ease.4  
 
Strokes in the brain can be caused 
by several mechanisms: 
 
• blockage of blood flow due to 
plaque formation in a similar way to 
the vessels in the heart 
• bleeding from a ruptured plaque 
or aneurysm 
• from a blood clot that has formed 
somewhere else in the body and that 
has travelled to the brain, for 
example, it can occur more often in 
people with atrial fibrillation (AF). 
 
Even though the benefits of regular 
exercise are well documented for a 
range of risk factors and medical 
conditions, the risk of ischemic (re-
duced blood supply) or hemorrhagic 
(bleeding-related) stroke may in-
crease acutely during or immedi-
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Table 1.1 Summary table of the most commonly reported CVD conditions and stroke.

!"#$%&'()*)&' #+,%-).*)&'

!"#$"%&&&
!"#$%&'()*&+,#&%-&(*&)*(+#.,(%#&$,''/0&-1&-203#*&%-&%"#&"#(4%&5,$6/#7&8"#&'()*&)$&%0')6(//0&
$#9#4#&(*+&64,$")*3:&(*+&)%&)$&6"(4(6%#4)$#+&;0&(&1##/)*3&-1&'4#$$,4#&(*+&$,11-6(%)-*&<,$%&
;#")*+&%"#&;4#($%;-*#7&=*3)*(&6(*&(66-5'(*0&-4&;#&(&'4#6,4$-4&-1&(&"#(4%&(%%(6>7

!'($%)&*$+($))%'$,"&
-!./

=?&)$&(&%0'#&-1&(44"0%"5)(&@)44#3,/(4&"#(4%;#(%A&B"#4#&%"#&(%4)(&@%"#&%B-&,''#4&6"(5;#4$&-1&
%"#&"#(4%A&;#(%&9#40&4(')+/0&(*+&)44#3,/(4/07&8")$&6(,$#$&(&+)$4,'%)-*&)*&%"#&*-45(/&1/-B&-1&
;/--+&%"4-,3"&%"#&"#(4%&(*+&6(*&/#(+&%-&6-5'/)6(%)-*$&$,6"&($&1(%)3,#:&$"-4%*#$$&-1&;4#(%":&
+)CC)*#$$:&'(/')%(%)-*$:&(*+&)*64#($#+&4)$>&-1&$%4->#&(*+&"#(4%&1()/,4#7

0%(1$,23,4%'53&&&
!(4+)-50-'(%"0&4#1#4$&%-&(&34-,'&-1&+)$#($#$&%"(%&(11#6%&%"#&"#(4%&5,$6/#:&5(>)*3&)%&"(4+#4&
1-4&%"#&"#(4%&%-&',5'&;/--+&#11#6%)9#/07&8")$&6(*&/#(+&%-&"#(4%&1()/,4#&-4&(44"0%"5)($&
@)44#3,/(4&"#(4%;#(%$A

0,"#6"$'%)&56%('&
1$76%76

=&5(/1-45(%)-*&-1&%"#&"#(4%:&(-4%(:&-4&-%"#4&/(43#&;/--+&9#$$#/$&%"(%&)$&%"#&5-$%&14#.,#*%&
1-45&-1&5(<-4&;)4%"&+#1#6%&)*&*#B;-4*$7&=/$-&>*-B*&($&6-*3#*)%(/&"#(4%&+#1#6%:&6-*3#*)%(/&
"#(4%&5(/1-45(%)-*:&6-*3#*)%(/&6(4+)-9($6,/(4&+)$#($#:&6-*3#*)%(/&6(4+)-9($6,/(4&+#1#6%:&(*+&
6-*3#*)%(/&6(4+)-9($6,/(4&5(/1-45(%)-*7

0,(,"%(3&
%"#$,4)%7'3&&

=&'4-6#+,4#&)*&B")6"&(&;(//--*D%)''#+&6(%"#%#4&)$&,$#+&%-&#*/(43#&(&*(44-B)*3&)*&(&6-4-*(40&
(4%#40&6(,$#+&;0&(4%#4)-$6/#4-$)$&@"(4+#*)*3&(*+&%")6>#*)*3&-1&%"#&B(//$&-1&%"#&(4%#40A7&=/$-&
>*-B*&($&'#46,%(*#-,$&%4(*$/,5)*(/&6-4-*(40&(*3)-'/($%0&@E8!=A7

0,(,"%(3&56%('&
1$76%76

!-4-*(40&"#(4%&+)$#($#&@!FGA:&)$&(/$-&>*-B*&($&6-4-*(40&(4%#40&+)$#($#7&H%&)$&(&6-*+)%)-*&
B"#4#&%"#&6-4-*(40&(4%#4)#$&;#6-5#&*(44-B#+&-4&;/-6>#+&+,#&%-&%"#&;,)/+D,'&-1&
(%"#4-$6/#4-%)6&'/(.,#$&@1(%%0&+#'-$)%$A7&8")$&4#+,6#$&;/--+&1/-B&%-&%"#&"#(4%:&B")6"&6(*&
/#(+&%-&6"#$%&'()*:&$"-4%*#$$&-1&;4#(%"&-4&"#(4%&(%%(6>7

0,(,"%(3&%('6(3&
+34%77&&&

=&1-45&-1&;0'($$&$,43#40&%"(%&6(*&64#(%#&*#B&4-,%#$&(4-,*+&*(44-B#+&(*+&;/-6>#+&(4%#4)#$:&
'#45)%%)*3&)*64#($#+&;/--+&1/-B&%-&+#/)9#4&-203#*&(*+&*,%4)#*%$&%-&%"#&"#(4%&5,$6/#$7

86%('&*%$)9(6
H*(;)/)%0&-1&%"#&"#(4%&%-&>##'&,'&B)%"&%"#&+#5(*+$&-*&)%:&B)%"&1()/,4#&-1&%"#&"#(4%&%-&',5'&
;/--+&B)%"&*-45(/&#11)6)#*607&I"#*&%")$&-66,4$:&%"#&"#(4%&)$&,*(;/#&%-&'4-9)+#&(+#.,(%#&
;/--+&1/-B&%-&-%"#4&-43(*$:&$,6"&($&%"#&;4()*:&/)9#4:&(*+&>)+*#0$7

86%('&'(%"74)%"'& =*&-'#4(%)-*&)*&B")6"&(&+)$#($#+&-4&5(/1,*6%)-*)*3&"#(4%&)$&4#'/(6#+&B)%"&(&"#(/%"0&+-*-4&
"#(4%&%(>#*&14-5&(&+#6#($#+&'#4$-*7

86%('&29(29(

=*&,*,$,(/&$-,*+&"#(4+&+,4)*3&(&"#(4%;#(%&%"4-,3"&(&$%#%"-$6-'#:&+#$64);#+&($&(&
B"--$")*3&-4&$B)$")*3&$-,*+7&H%J$&6(,$#+&;0&%,4;,/#*%&;/--+&1/-B&B)%")*&%"#&"#(4%&-4&;/--+&
9#$$#/$7&K,45,4$&6(*&-66,4&B"#*&;/--+&1/-B$&5-4#&4(')+/0&%"4-,3"&%"#&"#(4%&-4&B"#*&%"#4#&
(4#&)$$,#$&B)%"&%"#&"#(4%&9(/9#$:&$,6"&($&*(44-B)*3&@$%#*-$)$A&-4&/#(>)*3&@4#3,43)%(%)-*A7

86%('&:%):6&1$76%76&& !(*&6(,$#&"#(4%&5,$6/#&B#(>*#$$&+,#&%-&%--&5,6"&J/#(>)*3J&@4#3,43)%(%)-*A&-1&;/--+&-4&
6(,$#&"#(4%&5,$6/#&$%)11*#$$&14-5&(&*(44-B#+&9(/9#7

;6($456(%)&%('6($%)&
1$76%76&&

=%"#4-$6/#4-$)$&@'4#$#*6#&-1&1(%%0&/)')+&+#'-$)%$&)*&%"#&/)*)*3&-1&(*&(4%#40A&-1&%"#&(4%#4)#$&-1&
%"#&#2%4#5)%)#$7&E#4)'"#4(/&9($6,/(4&+)$#($#&6(*&/#(+&%-&'()*&)*&%"#&/#3$&B"#*&B(/>)*3&%"(%&)$&
4#/)#9#+&;0&4#$%)*37

;,7'&23,<%(1$%)&
$"*%(<'$,"&-56%('&

%''%<=/&&&&&

=&$,++#*&;/-6>(3#&-1&(&6-4-*(40&(4%#40&-1%#*&/#(+$&%-&%"#&+#(%"&-1&'(4%&-1&%"#&"#(4%&5,$6/#&
+,#&%-&%"#&/-$$&-1&;/--+&$,''/07&8"#&/-$$&-1&;/--+&$,''/0&)$&6(,$#+&;0&(&;/-6>(3#&-1&(&
6-4-*(40&(4%#40&#)%"#4&;0&(&;/--+&6/-%:&'/(.,#&-4&;/--+&9#$$#/&$'($57&L#+,6#+&;/--+&$,''/0&
%-&%"#&"#(4%&5,$6/#&-1%#*&6(,$#$&6"#$%&'()*&(*+&#/#6%4)6(/&)*$%(;)/)%0&-1&%"#&"#(4%&5,$6/#&
%)$$,#7&M/#6%4)6(/&)*$%(;)/)%0&-1&%"#&"#(4%&5(0&6(,$#&9#*%4)6,/(4&1);4)//(%)-*&@6"(-%)6&#/#6%4)6(/&
+)$%,4;(*6#A:&4#$,/%)*3&)*&%"#&)*(;)/)%0&-1&%"#&"#(4%&%-&+#/)9#4&-203#*(%#+&;/--+&%-&%"#&;-+07&
E#45(*#*%&;4()*&+(5(3#&(*+&+#(%"&6(*&4#$,/%&14-5&"#(4%&(%%(6>&,*/#$$&-203#*(%#+&;/--+&
1/-B&)$&4#$%-4#+&B)%")*&N&5)*,%#$7&

>'(,=6
8"#&$,++#*&+#(%"&-1&;4()*&6#//$&+,#&%-&/(6>&-1&-203#*:&6(,$#+&;0&;/-6>(3#&-1&;/--+&1/-B&-4&
4,'%,4#&-1&(&;/--+&9#$$#/&)*&%"#&;4()*7&G)11)6,/%0&B)%"&$'##6":&(45&B#(>*#$$:&/-$$&-1&;(/(*6#:&
;/,44#+&-4&/-$$&-1&9)$)-*:&1(6#D+4--')*3:&6(*&(//&;#&$05'%-5$7



ately following exercise by between 
2-6x or more.5  
 
Exercise will increase BP in most 
people and this elevated pressure is 
a force against the blood vessel (see 
Chapter 12 Blood Pressure). During 
aerobic exercise BP will typically in-
crease by up to about 30%. How-
ever, during resistance training 
(particularly static/isometric-type ac-
tivities), and especially during 
breath-holding and straining, BP can 
increase up to 200% or more, some-
times reaching levels of 400 
mmHg.6  These extremely high BP 
changes can lead to sudden in-

creases in brain blood flow, which 
raises concerns regarding the safety 
of these types of exercises for indi-
viduals who have pre-existing hyper-
tension or are unaccustomed to 
resistance training.  
 
Overall, given the prevalence of 
CVD and stroke in the population, 
and that not everyone has been di-
agnosed, it reinforces the impor-
tance of being cautious with people 
beginning or upgrading their exer-
cise. 
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question 1 and possible decision strategies.
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2.1 Introduction 
 
Any acute unexplained chest pains 
or discomfort in the chest, character-
ised by feelings of constriction, 
burning, knifelike pains, and/or a 
dull ache are of significant concern. 
If this happens at any time then the 
person should stop exercise and sit 
or lie down to rest. If the pain or dis-
comfort doesn’t subside within 10 
minutes of rest, then call 000 for an 
ambulance. If the pain or discom-
fort  is extreme or worsens, then 
call for an ambulance immediately.1 

 
 
 
 

Question 2 of the APSS asks: 
 
Do you ever experience unexplained 
pains or discomfort in your chest at 
rest or during physical activity/exer-
cise? 
 
If the person reports they have pre-
viously experienced unexplained 
chest pains or discomfort in their 
chest, then this may potentially be 
related to heart problems. A ‘YES’ 
response to question 2 is handled 
differently to a ‘YES’ response to 
question 1. This is because question 
1 refers to a person having already 
been told they have a heart con-
dition, or they have had a stroke (see 
Chapter 1).  
 
Question 2 refers to people who 
may not have been diagnosed by a 
medical practitioner, despite repor-
ting they experience symptoms of 
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unexplained chest pain or discom-
fort. Therefore, a follow-up question 
to a ‘YES’ response might be ‘have 
you seen your GP about this prob-
lem?’ If the person has not seen their 
GP for these symptoms, they should 
not undertake exercise training until 
they have had a medical check-up.  
If the person has seen a medical 
doctor recently for these symptoms, 
then the decision is handled in the 
same way as question 1. If there is 
any doubt about the status of the 
symptoms or heart health, the per-
son should always be referred to a 
clinical exercise physiologist for a 
review, or to their medical practi-
tioner for further diagnosis as a 
matter of priority.2,3 
 
2.2 Symptoms of chest pain/dis-
comfort 
 
The symptoms of chest pain/discom-
fort or feelings of constriction can be 
associated with both life-threatening 
or non-life threatening conditions. 
For example, it can sometimes be 
confused with digestive issues such 
as heartburn or acid reflux, or with 
musculoskeletal problems of the 
thorax. On the other hand, more 
serious conditions may mean it is 
potentially related to the heart. Of 
most immediate concern is that is 
related to angina - an oxygen defi-

ciency in areas of the heart muscle. 
For example, it may be related to 
narrowed or blocked coronary ar-
teries due to atherosclerosis and the 
build-up of plaque. These types of 
conditions are made worse by exer-
cise because the increased work 
required by the heart to pump blood 
around the body, also requires more 
oxygen to be delivered to the heart 
muscle itself. If there is a partial 
blockage of a coronary blood vessel 
then oxygen delivery is compro-
mised, resulting in pain (angina), 
and this could develop into a heart 
attack.  
 
More than twice as many heart at-
tacks are recorded for males versus 
females, and this is similar in many 
developed countries around the 
world.5,6 This pattern appears to be 
related to hormonal differences such 
as higher testosterone, as well as 
higher smoking rates, alcohol con-
sumption patterns, poorer diets, less 
regular medical check-ups, and 
longer time for cardiovascular dis-
ease progression in men.  
 
Higher testosterone is associated 
with higher LDL and lower HDL 
levels, while estrogen has a relative 
protective effect through numerous 
mechanisms including cholesterol 
regulation and anti-inflammatory ef-
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fects.4 After menopause the relative 
level of testosterone increases in 
women because estrogen produc-
tion significantly decreases. This is 
when CVD and heart attacks in 
women begin to increase towards 
those of men. 
 
 
2.3 Exercise-related chest pain 
 
Chest pain and discomfort can be 
related to abrupt increases in exer-
cise heart rate and blood pressure. 
Any shortage in oxygen delivery to 
the heart muscle can lead to these 
symptoms, and sometimes they de-
velop through a cascade of worsen-
ing problems. Sudden elevated heart 
rate and blood pressure can also en-
courage plaque rupture and acute 
coronary thrombosis (clotting). 
These developments may trigger 
heart arrhythmias that, in extreme 
cases, may be precursors of ven-
tricular tachycardia or fibrillation 
and can lead to a cardiac arrest. 
  
There are several hypotheses regard-
ing the potential triggering mechan-
isms for acute cardiovascular events 
such as myocardial infarction, 
sudden cardiac death, and stroke.  
 
Of importance to pre-exercise 
screening and exercise prescription, 

is the evidence showing these types 
of medical emergencies can be trig-
gered by vigorous to near-maximal 
physical exertion. Since higher exer-
cise intensities can precipitate these 
events, they should be avoided in 
early-stage exercise programs and 
for those unaccustomed to exercise 
(see Introduction Chapter and 
Chapter 8).  
 
It is always advisable for exercise 
professionals to be conservative with 
clients who report any of these 
symptoms and seek clinical exercise 
physiology or medical guidance. 
  
Even without these types of medical 
concerns, exercise prescription 
should start conservatively and prog-
ress slowly over several weeks as 
physiological adaptations take 
place. 
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3.1 Introduction 
 
Question 3 of the APSS asks:  
 
Do you ever feel faint, dizzy or lose 
balance during physical activity/ex-
ercise? 
 
Feelings of faintness, dizziness, or 
loss of balance during physical ac-
tivity or exercise can stem from vari-
ous factors, including unwanted 
physiological reactions, medical 
conditions, and external influences 
(eg., high temperatures, inadequate 
lighting, slippery or uneven surfaces, 
medication side-effects), and must 

not be overlooked. Recognising the 
causes of these issues is vital for en-
suring safety and optimising per-
formance during exercise. In 
addition, these issues can be present 
before initiating an exercise pro-
gram, or during an individual 
session. Understanding these issues 
and mitigating potential risks is cru-
cial for clients’ safety and well-being 
and is essential to increasing adher-
ence to the proposed program. 
 
Below, we discuss each of these is-
sues in more detail, how they affect 
individuals overall, and how they 
can present during exercise. We also 
describe clinical conditions where 
these issues are more prevalent and 
how we can mitigate them. 
 
3.2 Syncope or ‘faint’ 
  
Syncope or ‘faint’ is defined as ‘tran-
sient loss of consciousness due to 

Faintness, dizziness, or 
loss of balance 03
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Falls can result from faintness, dizzi-
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cerebral hypoperfusion, character-
ised by a rapid onset, short duration, 
and spontaneous complete re-
covery’.1 Syncope's main pathophy-
siological classification focuses on a 
drop in systemic blood pressure, 
leading to a decrease in global cer-
ebral blood flow.1 A study found that 
the cumulative lifetime incidence of 
syncope in a population aged 35-60 
years was 35%.2 Its prevalence is 
high among individuals aged 10-30 
years, is uncommon in adults with 
an average age of 40 years, and 
peaks again in individuals aged over 
65 years.3  
 
 

Syncope is classified as either ‘re-
flex’, ‘orthostatic hypotension’, or 
‘cardiac’ in origin and detailed in 
Table 3.1.1  
 
Syncope usually leads to loss of pos-
tural control, and can result in falls 
as detailed below. Although there 
are various types of syncope, it is es-
sential to emphasise that before a 
syncopal episode, individuals typi-
cally experience prodromal (early 
signs) of neurological (eg., dizziness, 
blurred vision, lightheadedness, loss 
of colour vision, narrowing of the 
visual field, hearing loss) or auton-
omic symptoms (eg., nausea, palpi-
tations, warmth, cold).4 Typically, 
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recovery from syncope occurs spon-
taneously and promptly, and is 
usually complete within 30 
seconds.1 However, it is common to 
experience post-event fatigue and 
sleep, particularly in children.1 
 
3.3 Syncope and Exercise 
  
Although syncope post-exercise is 
rare, with a prevalence of 0.023% 
per individual patient,5 it can still be 
considered an alarming response to 
exercise.  
 
Syncope can occur in healthy indi-
viduals, including athletes (eg., 
when crossing a finishing line), or in 
people living with clinical con-
ditions (eg., stroke, dementia, spinal 
cord injury). Post-exercise syncope 
is generally benign.6 However, ex-
periencing a syncopal or pre-syn-
copal episode during exercise, that 
is, showing signs and/or symptoms 
before experiencing unconscious-
ness due to syncope, (eg., nausea, 
vomiting, lightheadedness, changes 
in vision or hearing, headache, and 
fatigue),7 can be concerning for both 
individuals suffering from these epi-
sodes, and healthcare providers. 
Such episodes may serve as warning 
signs of potential cardiac disorders, 
which could lead to more serious 
outcomes, including sudden cardiac 
death during exercise (see Introduc-

tion Chapter). Determining whether 
the exercise-related syncope oc-
curred during or after exercise is 
key.  
 
 • During exercise: syncope during 
exercise should be examined care-
fully, as it is likely due to cardiac is-
sues. Regardless of cardiac 
disorders, syncope during exercise 
can be linked to autonomic failure 
syndromes.8 Furthermore, it is com-
mon for individuals with chronic au-
tonomic nervous system failure (ie., 
Parkinson’s disease) to experience 
hypotension during exercise, even 
when engaging in light activity. Fi-
nally, syncope during exercise can 
also be neurally mediated (ie., vaso-
vagal syncope),8 characterised by an 
abrupt fall in blood pressure result-
ing from widespread vasodilation 
caused by a sudden cessation of 
sympathetic vasoconstrictor activity.9  
 
• Post-exercise syncope: one 
physiological response to exercise is 
decreased blood pressure following 
exercise, known as post-exercise hy-
potension (see Chapter 12, High 
blood pressure).10 If the reduction in 
blood flow is significant enough to 
cause symptoms, post-exercise syn-
cope is observed. Post-exercise 
dehydration, in combination with 
ongoing thermoregulatory re-
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sponses, might play an important 
role in many cases of exaggerated 
post-exercise hypotension.8 Addi-
tionally, post-exercise hypotension is 
influenced by moderate-higher in-
tensity exercises,8 and the magni-
tude of post-exercise hypotension 
can be exaggerated in seated or 
standing positions (compared to su-
pine).11 Some medications can also 
have an influence on post-exercise 
hypotension, such as psychotropic 
medications (eg., neuroleptics and 
antidepressants), cardiovascular 
medications (eg., diuretics, nitrates, 
β- and α-receptor blockers), and do-
paminergic medications (eg., anti-
parkinsonian drugs).1,12 Even if an 
individual does not report experi-
encing syncope after exercise, it is 
necessary to acknowledge that pre-
syncope symptoms may still occur. 
Additionally, the syncope post-exer-
cise can also be neurally mediated, 
with underlying mechanisms similar 
to post-exercise hypotension.8 Char-
acteristically, these events happen 
while an individual is standing mo-
tionless during the first 5 to 10 min-
utes after exercise when the muscle 
pump (with its implicit role of main-
taining central venous pressure dur-
ing exercise in the upright position) 
is no longer engaged.8,13  
 
 

3.4 Dizziness  
 
Dizziness refers to a range of abnor-
mal sensations associated with the 
perception of the body’s position in 
space, and has four subtypes:  
(i) vertigo (illusion of movement – 
sense of rotation),  
(ii) presyncope (faint feeling – de-
scribed above in ‘Faint’ section),  
(iii) disequilibrium (sense of un-
steadiness), and  
(iv) other types of dizziness (not 
covered by the other definitions), 
and may include vague lightheaded-
ness, a floating sensation, or feelings 
of dissociation.14   
 
Dizziness can result from specific 
peripheral vestibular issues or cen-
tral neurological deficits, but it may 
also arise from a combination of fac-
tors, including the aging of visual, 
somatosensory, or vestibular sys-
tems.15    
 
Dizziness affects 15-35% of the 
population16 and becomes more 
prevalent with age, occurring more 
frequently in women.17 The progno-
sis for dizziness is generally benign, 
and in acute cases, the symptom 
typically resolves spontaneously.14 
However, some patients may de-
velop chronic, debilitating symp-
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toms, with a few cases leading to 
life-threatening conditions.14 Also, 
dizziness symptoms increase pos-
tural instability and are a significant 
risk factor for falls.18 
 
3.5 Dizziness and Physical  
Exercise 
 
Experiencing dizziness during or fol-
lowing physical exercise does not 
inherently indicate a serious con-
dition. Physical exercise may trigger 
a drop in blood pressure, postural 
hypotension, and a disproportionate 
level of hyperventilation, especially 
in high-intensity workouts or when 
overexerted.13 All these factors may 
cause dizziness symptoms. Addi-
tionally, dehydration and hypoglyce-
mia can contribute to symptoms of 
dizziness during exercise. Dehydra-
tion leads to a decrease in circu-
lating plasma volume, an increase in 
heart rate, reduction in stroke vol-
ume, and consequently reducing the 
blood flow to the brain.19 When 
combined with physical exertion 
and heat, these factors create com-
petition between the central and pe-
ripheral systems’ circulation.19  

 

Hypoglycemia, or a decrease in 
blood glucose levels, can happen 
during or after exercise since the 
muscles require more energy, result-

ing in a reduced energy supply to 
the brain, causing dizziness.20 It is 
essential to recognise that hypo-
glycemia can arise not only from in-
sufficient nutrition before exercise 
(along with its interaction with train-
ing volume and external factors),21 
but can also signal an existing con-
dition like diabetes (see Chapter 14 
High blood glucose). Therefore, stay-
ing hydrated and eating well before 
exercising is imperative, especially 
for those unaccustomed to exercise. 
  
Aside from these factors influencing 
dizziness symptoms during exercise, 
there are instances where dizziness 
may signal other related illness and 
warrants careful consideration.  
 
Some conditions that may lead to 
dizziness symptoms are peripheral 
vestibular disease (eg., labyrinthitis, 
benign paroxysmal positional ver-
tigo), cardiovascular diseases (eg., 
hypertension, vasovagal conditions, 
arrhythmias), neurologic conditions 
(eg., central neurologic conditions, 
head injury), metabolic or endocrine 
conditions (eg., diabetes, anemia), 
and psychiatric disorders (eg., de-
pression, anxiety).14 Additionally, the 
use of medications like antidepress-
ants, beta blockers, anticonvulsants, 
diuretics, vasodilators, and others 
should be considered, as they may 
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be linked to symptoms of dizzi-
ness.14 

 
3.6 Loss of Balance 
  
Before discussing the concept of 
‘loss of balance’, it is useful to 
understand postural control. Postural 
control involves neural control that 
occurs due to the integration of vis-
ual, vestibular and somatosensory 
systems. These three systems provide 
information about body orientation 
and position, and they are active in 
making any adjustments when 
needed to maintain balance. When-
ever any of these systems are dis-
rupted by intrinsic causes, balance 
control is affected, therefore causing 
the loss of balance. The intrinsic 
causes of loss of balance can be 
either peripheral (eg., loss of sen-
sation) or central (eg., movement 
disorders involving the nervous 
system). Extrinsic causes, on the 
other hand, are causes that indi-
viduals do not control, and the 
most common cases are when 
trips and slips occur.  
 
Loss of balance from intrinsic and 
extrinsic causes can occur at all 
life stages, and the ultimate con-
sequence of loss of balance is fall-
ing over. Falls are defined as ‘an 
unintentional event where some-

one ends up on the ground or a 
lower level’. Thus, falls are a public 
health concern, as evidenced by 
over 380 older Australians hospital-
ised for a fall each day.22 Figure 3.1 
illustrates the most common areas 
injured as a result of a fall that 
required hospitalisation.26 Screening 
and monitoring individuals is impor-
tant in three stages: (i) before begin-
ning an exercise program, (ii) during 
an exercise session, and (iii) be-
tween exercise sessions.  
 
Loss of balance becomes more 
threatening in older age once sys-
tems involved in postural control 
start suffering from ageing-related 
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Figure 3.1 Areas of the body most commonly 
injured from falls.26



decline (eg., reduced visual acuity, 
poorer proprioception, more re-
liance on attentional processing), 
making these individuals more vul-
nerable. Individuals with a clinical 
condition, particularly a neurologi-
cal disorder, become even more 
likely to fall due to intrinsic and ex-
trinsic causes.  
 
Thus, during the pre-screening 
phase, it is essential to determine if 
the person:  
(i) is aged over 65  
(ii) suffers from any clinical con-
dition that can be considered to 
contribute to a fall risk intrinsically 
(these conditions can vary across 
disciplines; however, individuals 
suffering from neurological disorders 
and/ or cognitive impairment are 
more prone to have falls 23), and  
(iii) lives with a clinical condition, 
particularly neurological disorders, 
that increases intrinsic and extrinsic 
fall risk (eg., people with Parkinson’s 
disease, who are very likely to suffer 
from trips and slips)24  
  
Asking these questions helps under-
stand risks related to a client’s health 
history, and when assessing if any 
loss of balance or fall risk is present.  
 
 

This multidisciplinary approach 
might involve personal trainers and 
exercise physiologists, their general 
practitioners, specialists (particularly 
for people living with clinical con-
ditions), physiotherapists, occupa-
tional therapists, optometrists, and 
others.  
 
In the end, it is critical that although 
an individual might present with a 
risk of falling, exercise is a thera-
peutic modality recommended by 
the World Falls Guidelines 25, and 
endorsed by ESSA 22 to attenuate fall 
risk and improve balance and bal-
ance-related issues (eg., improve ob-
stacle negotiation). Therefore, 
exercising should not be avoided 
but individualised and performed 
cautiously.  
 
Scientific evidence has identified 
that programmes that include func-
tional balance and muscle strength 
training are the most effective in pre-
venting falls. These include moder-
ate to high challenge balance 
exercises when standing (not 
seated), and/or whilst moving (eg., 
transferring weight or stepping). 
Undertaking these activities with a 
narrowing base of support over time 
(eg., feet together) and minimising 
upper limb support (not hanging on) 
appear to be the most beneficial.22  
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4.1 Introduction 
 
Question 4 of the APSS asks: 
 
Have you had an asthma attack 
requiring immediate medical atten-
tion at any time over the last 12 
months? 
 
Chronic asthma is a medical con-
dition that involves widespread nar-
rowing in the airways. It is a 
long-term inflammatory condition 
that affects the airways, and can 
cause recurrent episodes of wheez-
ing, breathlessness (dyspnea), chest 
tightness, and coughing, particularly 
at night or in the early morning.5  

This chronic condition can vary over 
time either spontaneously, or in re-
sponse to irritants or pharmaceutical 
treatments. The airways become hy-
persensitive to external environ-
mental triggers which lead to acute 
worsening of asthma symptoms and 
can lead to asthma attacks.  
 
An asthma attack is a potentially 
life-threatening situation where air-
flow is severely restricted. These 
acute episodes can begin with little 
warning and known triggers can in-
clude medication non-adherence, 
exercise, cold air, allergic stimulants 
such as smoke, dust or chemicals, 
and also respiratory infections. There 
is almost always chronic inflamma-
tion associated with more acute 
asthma episodes. This affects airways 
from the larger upper respiratory 
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Asthma attacks can be life-threatening 
and can be triggered during exercise. 
The key warning signs are previous 
asthma-related hospital visits, acute 
wheezing, coughing or respiratory in-
fection, smoking status, poor fitness, 
and low physical activity patterns.
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tracts down to the small airways, al-
though its main physiological effects 
are most often associated with the 

medium‐sized bronchi.5  

 
‘Medical attention’ in the question 
refers to a GP or hospital visit im-
mediately following an asthma at-
tack. It typically does not include 
the self-administration of reliever 
medications prescribed for asthma 
such as Ventolin, Terbutaline or any 
other inhalant. This type of medi-
cation is often taken when there is a 
feeling of tightness in the chest and 
increased work of breathing, or even 
prophylactically in preparation for 
exercise.  
 
Asthma symptoms are relatively 
common, particularly in the winter 
months and pollen seasons, and are 
more common in cities. The propor-
tion of Australians reporting having 
asthma is shown in Figure 4.1.1 Aus-
tralia consistently ranks among the 

top countries for asthma prevalence, 
particularly among high-income na-
tions. For example, Figure 4.1 shows 
that approximately 11% of all Aus-
tralians have asthma, representing 
around 2.8 million people and this 
level has been relatively stable over 
the last couple of decades.1 Almost 
half of the ~25,500 asthma-related 
hospitalisations in 2022 were due to 
attacks that occurred in children 
aged under 15 years. In the same 
year, there were 467 deaths due to 
asthma in Australia.1 Asthma can 
also appear later in life and is called 
adult-onset asthma. As there is no 
cure for asthma, management is es-
sential to control symptoms and pre-
vent attacks. 
 
4.2 Asthma is an obstructive air-
way disease 
 
Asthma is considered an obstructive 
airway disease where symptoms are 
reversible with treatment. It involves 
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   Increased wheezing and asthma symptoms do not always mean a 
medical check-up is required prior to exercise training. The question spe-
cifically refers to an asthma attack where immediate medical attention 
was required. This covers the more extreme examples where inhalers and 
other medications have typically not been enough to prevent further sig-
nificant problems associated with the asthma attack. These situations can 
be life-threatening, and therefore the screening system is designed to 
identity people with asthma who have a recent history of severe attacks.
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obstruction of air flow because of 
airway narrowing which can vary 
over time. This can be demonstrated 
by spirometry where the main fea-
ture is a reduced forced expiratory 
volume in 1 second relative to the 
forced vital capacity (ie., FEV1/FVC 
ratio less than 0.7). In other words, 
the percentage of the lung volume 
that can be exhaled in 1 second is 
below normal levels of at least 70%. 
People with asthma may demon-
strate normal baseline spirometry if 
performed when well-controlled 
and symptoms are low in severity. 
 
The reduced air flow rate (due to air-
way narrowing) is most often the re-
sult of a combination of chronic 
inflammation and an associated 
hyper-responsiveness of the airways 
to asthma triggers. These together 
can result in acute bronchial muscle 
constriction and severe air flow con-
straints, commonly referred to as an 
asthma attack.  
 
More than 100 mediators of the 
chronic inflammation and asthma 
attack processes have been ident-
ified. Broadly, these include in-
creased recruitment of inflammatory 
cells into the airways, over-reactive 
mast cells in the airways that cause 
increased mucus secretion, and in-

creased release of chemicals from 
immune cells that are potent bron-
choconstrictors.5,6  
 
4.3 Exercise and asthma 
 
People with asthma differ from those 
with chronic obstructive pulmonary 
disease (COPD) in that there may be 
little or no symptoms of obstructive 
air flow yet following a brief bout of 
exercise these symptoms may ap-
pear. Some authorities have called 
this stimulus ‘exercise-induced 
bronchoconstriction’ (EIB) and be-
tween 40-90% of people with 
chronic asthma report experiencing 
EIB. 
 
However, it is important to recog-
nise that approximately 15-30% of 
Olympic athletes report being diag-
nosed with asthma and 17-19% of 
Olympic cyclists and swimmers re-
port taking asthma medication.9 

Therefore, exercise is still important 
and can be made safe for people 
with asthma. 
 
Regular exercise is strongly encour-
aged for those with asthma since it 
reduces the risk of other diseases re-
lated to sedentary lifestyles (for 
example, metabolic syndrome, dia-
betes, heart disease). Greater fitness 
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levels also increase the threshold at 
which EIB occurs, and this provides 
an important ‘buffer’ in daily tasks 
and activities. This, in turn, reduces 
the likelihood of an attack during 
moderate activity.  
 
The exercise-related symptoms of 
bronchoconstriction may begin 

around 3-8 minutes post-exercise, 
and between 8-15 minutes post-ex-
ercise symptoms are often at their 
worst. This may include a dry cough, 
chest tightness, pain, wheezing and 
difficulty breathing. The principle 
reasons for this exercise-induced 
asthma are the reactive airways. Air-
ways are particularly sensitive to 
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Figure 4.1 The proportion of Australians with diagnosed asthma. This refers to 
people who self-reported that they were diagnosed by a doctor or nurse as 
having asthma (current and long-term).1



cold and dry air, and associated air-
way heat and water loss. This can 
alter the extracellular electrolyte (os-
motic) balance, and lead to the con-
sequent bronchospasm that narrows 
the airways. The bronchospasm may 
last up to 30-60 minutes or more. A 
sign of a lack of oxygen during a 
very severe attack is blueness of the 
lips (cyanosis). When asthmatics 
begin to experience symptoms of an 
attack they should stop exercising 
immediately, use a fast-acting bron-
chodilator and remove any other ex-
ternal stimuli that could be 
triggering or exacerbating the attack.  
 
Note that breathing difficulty can be 
precipitated by physical activity, par-
ticularly vigorous exercise, but in 
some cases can also develop when 
at complete rest.  
 
4.4 Risk factors for chronic 
asthma 
 
Risk factors for developing a chronic 
asthma condition include a com-
bination of genetic predisposition 
and regular exposure to environ-
mental substances and particles that 
are inhaled. This can include dust, 
animal fur, pollen, chemicals, or 
smoke, among many other possible 
allergens.2 The allergens can trigger 
reactions or irritate the airways, 

causing airway muscles to constrict, 
or excess mucus secretion and/or in-
flammation to occur within the air-
way passages. Although both 
environmental and genetic factors 
can cause and affect the severity of 
asthma, it is thought that environ-
mental factors are most important. 
This is highlighted by seasonal in-
creases during airborne pollen re-
lease, and the rare instances of 
epidemic thunderstorm asthma 
which can have catastrophic con-
sequences.7   
 
4.5 Predictors of acute asthma 
attack 
 
Across all age groups, the strongest 
predictor of future asthma attacks 
requiring hospitalisation, is a history 
of attacks.3,4 Predictors for children 
and adolescents include low respir-
atory peak flow, high blood eosino-
phil count (white blood cells 
associated with allergic diseases and 
inflammation), and obesity. Older 
patients (>65 years) with: 
  
• greater frequency of asthma-re-
lated symptoms such as regular 
cough and wheezing,  
• other co-morbidities such as heart 
failure or emphysema, and  
• a history of smoking,  
 
are more likely to be hospitalised 
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and die from asthma than younger 
adults.4 In addition to previous hos-
pitalisation, several other factors 
have also been shown to predict 
asthma-related hospitalisation for 
older people including being fe-
male, having less formal education, 
treatment non-adherence, and being 
less physically healthy.10 It is impor-
tant that when a person with diag-
nosed asthma is being screened to 
begin an exercise program, the el-
ements described above are 
checked, and that symptoms are 
stable before participation.   
 
4.6 Treatments  
 
Preventive treatments are very im-
portant in asthma control. The main 
methods include:  
 
• Medications which typically in-
clude (also refer Chapter 15 Pre-
scribed medications): 
 
- inhaled glucocorticoids (anti-in-
flammatory and immunosuppress-
ants) 
- mast cell stabilisers (prevent al-
lergy reaction of the mast cells in 
the airways) 
- bronchodilators (methylxanthines) 
beta2 agonists (dilators) - used more 
often in acute asthma conditions 
- antihistamines, antimuscarinics (re-

duce mucus formation)  
In addition to these preventers, other 
medications for acute asthma attacks 
involve bronchodilators (inhaled 
and/or injected), and for severe 
cases oxygen, systemic steroids and 
non-specific beta-agonists such as 
epinephrine or isoproterenol (injec-
tion).  
 
The main goals of asthma manage-
ment are to reduce risk factors, sta-
bilise the extent of the disease, and 
prevent and treat acute asthma at-
tacks. Asthma can impact adversely 
on physical activity, especially when 
the underlying disease control is un-
stable. Likewise, low physical activ-
ity/poor physical fitness may lead to 
worse asthma outcomes. Accord-
ingly, the Global Initiative for 
Asthma (GINA) recommends people 
with asthma should engage in regu-
lar physical activity in order to im-
prove their general health.8  
 
• Lifestyle factor goals should in-
clude: 
 
- exercise should be a part of the 
treatment to increase cardiovascular 
fitness, become less sensitive to dys-
pnea, and improve the person’s abil-
ity to perform tasks of daily living  
- weight management if obese and 
maintenance of lean tissue mass 



- smoking cessation and avoiding 
pollutants and infectious episodes  
 
4.7 Exercise programming 
 
Exercise programs should involve: 
• using a bronchodilator if pre-
scribed prior to exercise, and also 
have them available during exercise 
 
• for those unaccustomed to exer-
cise, choose low-moderate shorter 
bouts of continuous activity (aerobic 
activity at 40-70% HRmax) for 3-5 
minute intervals. Gradually progress 
in intensity but be aware that more 
intense activity is more likely to in-
crease the risk of EIB due to in-
creased pulmonary ventilation. The 
aim is to increase the threshold at 
which EIB occurs 
 
• avoid exercising in extreme envi-
ronmental conditions (too hot, cold 
or dry air) and choose activities that 
are less likely to trigger attacks - 
such as swimming and other water-
based activities (note that pool 
chlorine can be an asthma trigger for 
some people) 
 
• exercise training is best avoided 
when pollen counts are high as this 
may trigger an attack (especially out-
doors) 
 

• moderate-intensity activity below 
the EIB threshold is optimal for most 
people. Athletes will always need to 
incorporate intense activity in their 
program and this should be moni-
tored carefully and performed in 
safer environments 
 
• circuit training with appropriate 
work : rest periods often works well 
with asthmatics since they are less 
likely to experience EIB if their 
ventilatory requirements are lower 
in regular intervals. Currently, inter-
val training is recommended among 
patients with pulmonary 
conditions.2 This is because the re-
fractory period during the exercise 
recovery gives the respiratory system 
extra time for water and heat ho-
meostasis. That is, intervals allow 
water movement back into the air-
ways, lowering one of the key 
triggers for asthma symptoms 
 
• encourage walking as much as 
possible, including at work  
 
• use RPE and dyspnea scales to 
help determine intensity loads (mod-
erate levels are recommended  
RPE ~ 3-4/10 or dyspnea rating 
<4/10; figure 4.2) 
 
• resistance training is important for 
musculoskeletal health and to main-
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tain lean tissue - choose a range and 
perform up to 10 exercises (10-15 
reps each exercise) 
• encourage nasal breathing since 
this helps warm and humidify the 
air, and retain heat and water in the 
airways 
 
• discourage sedentary activities 
and try to work with the person to 
place limits on sedentary time and 
activities 
 
• avoid vigorous exercise during 
periods of upper respiratory tract in-
fections. 
 
4.8 Conclusion  
 
Asthma can be very dangerous if it 
is poorly controlled, and particularly 
when exacerbated by intense exer-
cise. This can be further problematic 

when exercise is undertaken in en-
vironments where asthma triggers 
exist.  
 
Despite these concerns it is impor-
tant for people with asthma to be 
physically active and to exercise 
regularly. This not only builds fitness 
but also an increased exercise toler-
ance which assists with symptom 
management (such as coping with 
increased breathlessness).  
 
The exercise sessions need to be 
carefully planned with a focus (for 
most non-athletes) on moderate-in-
tensity activity, and/or interval-type 
training for higher intensities. Hav-
ing prescribed medications close-by 
during exercise sessions is critical. 
 
Exercise professionals need to 
understand asthma triggers and rec-
ognise circumstances where these 

may present additional risks. 
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5.1 Introduction 
 
Question 5 of the APSS asks: 
 
If you have diabetes (type 1 or 2) 
have you had trouble controlling 
your blood sugar (glucose) in the 
last 3 months? 
 
There are two types of diabetes, type 
1 and type 2. Type 1 diabetes is de-
fined as an autoimmune disease in 
which the body's immune system 
mistakenly attacks and destroys the 
insulin-producing beta cells in the 
pancreas. This results in little or no 
insulin production. Insulin is essen-
tial for allowing glucose (blood 

sugar) to enter cells and be used in 
energy supply. When insulin levels 
are low, glucose concentration in 
the bloodstream can build up lead-
ing to high blood sugar levels. This 
can lead to serious and life-threaten-
ing complications including diabetic 
ketoacidosis, cardiovascular disease, 
nerve damage, and kidney failure. 
People with type 1 diabetes require 
insulin injections or pumps.  
 
Type 2 diabetes is a chronic meta-
bolic disorder where the body either 
does not produce enough insulin or 
cells don’t respond to insulin effec-
tively. This can lead to elevated 
levels of glucose in the blood. Some 
of the major risk factors for devel-
oping type 2 diabetes are elevated 
visceral (abdominal) obesity, physi-
cal inactivity, family history, and 
health conditions such as hyperten-
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Exercise professionals determine the 
most appropriate intensity to pre-
scribe for someone new to physical 
activity. If a person has poorly con-
trolled diabetes this presents addi-
tional challenges for safe exercise 
prescription and a medical review is 
recommended.
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sion, high blood lipids or chronic in-
flammation. 
 
5.2 Exercise and homeostasis 
 
Exercise of any type disrupts the 
body’s homeostasis, for example, by 
increasing the breathing frequency 
and heart rate above resting levels. 
The higher the intensity level, the 
greater the disruption to baseline 
physiology. There are numerous 
ways the body is affected, and these 
are natural processes to accom-
modate the increased activity, while 
at the same time trying to minimise 
the disruption to critical physiology 
such as blood pressure and blood 
biochemistry.  
 
If a person undertakes exercise regu-
larly, there is eventually less dis-
ruption to the body systems as it 
adapts, and fitness improves. This is 
especially noticeable when a person 
performs the same absolute work-
load after a period of training. That 
is, the person can undertake a spe-
cific level of exercise without as 
much disruption in their physiology, 
for example smaller alterations in 
breathing, blood pressure, blood 
biochemistry etc.  
 
Therefore, when an unconditioned 
person is beginning an exercise pro-

gram or significantly upgrading their 
level of exercise, it should be antici-
pated that potentially larger changes 
in resting physiology will occur. This 
is the case even if the exercise is 
low-moderate, when compared to 
changes within a trained person.  
 
One of the key attributes of an exer-
cise professional is determining the 
most appropriate intensity to pre-
scribe for someone new to physical 
activity.  
 
Prescribing safe exercise is a chal-
lenging skill, even when doing it for 
people without underlying medical 
conditions. When a person reports 
they have diabetes and that is has 
been difficult to control, then it be-
comes even more challenging to ti-
trate the safe exercise type, duration 
and intensity. In fact, it can become 
dangerous, especially if the pre-ex-
ercise glucose level cannot be 
measured and there is uncertainty as 
to glucose status. Hence, if a person 
answers ‘YES’ to this question it is 
recommended they see their medi-
cal practitioner to review their con-
dition prior to undertaking exercise 
(see also Chapter 14 High blood 
glucose). 
 
5.3 Why is uncontrolled dia-
betes problematic? 
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Uncontrolled blood sugar levels 
(both high and low) can pose seri-
ous risks during physical activity. 
The major concerns are: 
 
• A potential risk of hypoglycemia 
(low blood sugar). If a person with 
diabetes has trouble controlling their 
blood glucose, exercise can further 
lower blood glucose levels, poten-
tially leading to dizziness, con-
fusion, fainting, or even seizures. 
 
• A potential risk of hyperglycemia 
(high blood sugar). If blood glucose 
is consistently high, exercise might 
not be safe, especially for people 
with type 1 diabetes.  
 
Both hypoglycemia and hyperglyce-
mia can result in excess ketone pro-

duction called ketoacidosis, which 
can be a life-threatening condition. 
The broad process of ketone produc-
tion and use for both of these con-
ditions is illustrated in Figure 5.1. 
 
• Poor blood sugar control might 
also suggest other complications 
could be present and may be an in-
dicator of general health status. For 
example, does the person report any 
nerve problems (neuropathy) or eye 
issues (retinopathy), or other con-
ditions which could affect exercise 
safety and require program modifi-
cations.  
 
• If someone struggles with glucose 
control, they may need a medical 
review so that specific strategies can 
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Figure 5.1 The two conditions of uncontrolled diabetes whereby blood glucose 
levels are either too high or low. This leads to the preferential use of fats (free fatty 
acids) as fuel which produces ketones in the liver. Ketones then enter the blood to 
be used as a source of fuel in various tissues of the body. Ketones are acidic, and 
this can have severe effects on the body and requires urgent medical attention.  
Acetone is one of the ketones produced and is exhaled in the breath. It has a char-
acteristic ‘fruity’ smell.



Di
ab

ete
s

66

be put in place like adjusting insulin 
or other medication dosage. During 
the exercise session the person may 
need blood glucose monitoring be-
fore, during and after workouts in 
order to better manage the exercise 
load, at least early in the program.  
 
5.4 Recommendations by other 
authorities 
 
The most recent ACSM exercise pre-
participation health screening pro-
cess (2015) recommends that 
anyone with diabetes who is cur-
rently sedentary and desires to begin 
physical activity at any intensity 

(even low intensity) should obtain 
prior medical clearance from a 
health care professional.2 The cur-
rent APSS system does not have such 
a strict requirement for all people 
with diabetes. The APSS position is 
supported by the position statement 
of the American Diabetes Associ-
ation who state that they believe the 
ACSM recommendation is exces-
sively conservative.3 However, all 
three organisations/statements agree 
that people with uncontrolled dia-
betes or symptomatic individuals 
should be referred to a health care 
provider for a check-up and possible 
exercise stress test before starting a 
physical activity program. 
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Table 5.1 Broad exercise guidelines and considerations for people with diabetes4.
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6.1 Introduction 
 
Question 6 of the APSS asks: 
 
Do you have any other conditions 
that may require special consider-
ation for you to exercise? 
 
For most people, and almost all 
medical-related conditions, being 
physically active results in improve-
ments in their physical working ca-
pacity, strength and ability to 
perform tasks of daily living.1 Not-
withstanding, there are some con-
ditions that require periods of rest or 
rehabilitation. Furthermore, some-
times medical problems may de-

mand specific attention in relation 
to the prescribed volume, type and 
intensity of the exercise to be under-
taken because incorrect exercise 
prescription can exacerbate health 
and medical conditions.  
 
Some examples are presented 
throughout this book, for example, 
uncontrolled hypertension (Chapter 
12) or problems with glucose con-
trol (Chapter 14), scaling down in-
tensity levels or limiting duration of 
activity for people with asthma 
(Chapter 4), when a person has es-
tablished heart disease (Chapters 1,2 
and 7) or for certain pregnancy-re-
lated problems (Chapter 17) etc. This 
chapter discusses the medical cases 
where exercise prescription may 
need to be postponed or signifi-
cantly modified from usual pro-

Other medical conditions 06
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There is an extensive array of potential 
medical concerns that may present 
when undertaking pre-exercise 
screening. Some conditions can be 
made worse by exercise but this may 
depend on the circumstances and 
acute clinical presentation.
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grams. It is not exhaustive because 
there is an extensive array of poten-
tial medical concerns that may pres-
ent when undertaking pre-exercise 
screening. When the condition is 
unfamiliar to you, or there is any el-
ement of uncertainty, it is always 
best to seek guidance from more ex-
perienced colleagues or medically 
trained professionals.  
 
Examples presented in Table 6.1 are 
some of the conditions that may be 

made worse by exercise or that 
require special exercise program 
modifications. This, of course, dep-
ends on their circumstances and 
acute clinical presentation at the 
time of the pre-exercise screening. 
Most people have experienced acute 
muscle and joint aches and pains. 
Many also have chronic conditions 
that cause them to experience pain 
and / or limitations in their daily 
tasks. Arthritis is a good example of 
this type of chronic condition.  
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Table 6.1 Examples of medical conditions that may be made worse by exercise or 
that require special exercise program modifications.
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Table 6.1 Examples of medical conditions that may be made worse by exercise or that 
require special exercise program modifications.
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7.1 Introduction 
 
Question 7 in the APSS is the last 
question in the compulsory Stage 1. 
It is shown in Figure 7.1. The ques-
tion asks clients to: 
 
Describe your current physical activ-
ity/exercise levels in a typical week 
by stating the frequency and dur-
ation at the different intensities.  
 
The intensities are shown as light, 
moderate, vigorous/high intensity. 
More details concerning these inten-
sity levels are provided in Figure 
7.2.1  

The question relates specifically to 
leisure-time PA (LTPA), or activity 
that is planned and undertaken for 
health, sport/recreation or active 
transport.  
 
After the PA patterns have been 
documented, the weighted level of 
LTPA is calculated - where vigor-
ous/high intensity activity is multi-
plied by two. This is to account for 
the greater health benefits when ex-
pending more energy during vigor-
ous activity. 
 
The results are used to categorise a 
person as either sufficiently active 
(>150 min/wk of aerobic-based 
LTPA) to achieve optimal health 
benefits, or insufficiently active 
(<150 min/wk).  
 
Of course, it is common knowledge  
that some health benefits are ob-

Current physical 
activity/exercise levels  07
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People who fail to meet the recom-
mended level of >150 min/wk of 
weighted leisure-time aerobic activity 
and two sessions of strength-training 
activities are at greater risk of health 
problems.

Ph
ys

ica
l a

cti
vit

y



tained even with smaller levels of 
PA. For example, it has been dem-
onstrated there is a decreased risk of 
premature mortality and morbidity 
with both increased occupational 
and leisure time physical activity.3  
 
However, the Australian National 
Guidelines are based on a combina-
tion of the scientific evidence show-
ing what might be optimal levels of 
PA per week, that can be reliably 
quantified, versus what is achievable 
as LTPA for most people within their 
daily schedules.2  
 
In the end, there is substantial evi-
dence that very important health 
benefits are associated with LTPA 
levels >150 min/wk.  
 
Currently, there is no specific ques-
tion on muscle-strengthing-based 
training in the APSS, despite the fact 
it forms part of the national PA 

guidelines as shown in Table 7.1.2 

 
7.2 Why ask about leisure-time 
physical activity/exercise levels? 
 
In Australian society today, there are 
fewer occupations demanding 
higher levels of energy expenditure 
and physical effort. Even those that 
require greater physical work are be-
coming more automated and less la-
bour-intensive. Long periods of 
sedentary time, sitting and low-
energy expenditure are all associ-
ated with health problems. In fact, 
low PA is among the global top 10 
modifiable risk factors contributing 
the highest percentage increase in 
lost life-years (DALYs) between 2000 
and 2021.4  
 
While information on low-energy 
activities may be useful, there have 
been difficulties in standardising 
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Figure 7.1 APSS question 7 on current aerobic LTPA.
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Figure 7.2 Summary table based on the Exercise Intensity Terminology Position 
Statement (published jointly by Exercise and Sport Science Australia (ESSA) and Fit-
ness Australia (FA), currently AUSactive in 2010).1 It was released to encourage 
consistency in terminology among exercise professionals and to make it easier for 
clients to understand instructions about how ‘intense’ or ‘physically difficult’ pre-
scribed exercise is meant to be for them. The figure shows four levels of exercise 
intensity plus sedentary activity, along with approximate HR levels, RPE and other 
subjective descriptors within each category. These categories and descriptions may 
be useful when prescribing exercise and monitoring people being active. The 
‘break’ between the light -moderate intensity categories corresponds approxi-
mately to the ventilatory threshold 1 (VT1), while between moderate-vigorous in-
tensity categories it corresponds to the ventilatory threshold 2 (VT2).



questions to obtain reliable data.  
Therefore, the APSS question 7 seeks 
information on patterns of LTPA. This 
has proved to be easier to quantify, 
but still with some level of approxi-
mation.  
 
Question 7 has its origins with the 
Active Australia Survey developed in 
1997 and which has been used for 
national and state-level population 
PA surveillance for more than 25 
years.5 
 
Understanding leisure-time PA pat-
terns using this simple question is 
ultimately an attempt to understand 
the likely overall physiological 
changes that take place with PA 
(and inactivity).3,6 For example, di-
rect measures of cardiorespiratory 
fitness and physical strength levels 
of an individual would be most 
ideal, but it is not feasible at the 
population level. It is also not poss-
ible for every client being screened 
(that is, for people unaccustomed to 
exercise, upgrading their level of PA, 
with a change in health status, or 
visiting a new fitness facility). A per-
son’s physical activity patterns are 
therefore a surrogate for recognising 
the physiological adaptations of 
regular movement-related energy 
expenditure.  

Regular PA is effective because it is 
associated with increased cardiore-
spiratory fitness (CRF), one of the 
strongest predictors of healthy living, 
chronic disease, adverse events and 
life expectancy.7-10 
 
Physical fitness is an important 
physiological adaptation that ac-
companies regular PA/exercise. It is 
extremely useful because it indicates 
the functional capacity of major 
body systems responsible for oxygen 
delivery and metabolic use (that is, 
lungs, heart and skeletal muscle). 
Higher values are associated with 
the ability to carry out daily tasks 
more easily and to have longer 
quality of life overall.  
 
The relationship between PA levels 
and CRF across a large age range is 
illustrated in Figure 7.3. The figure 
shows that active people are, on 
average, more likely to have higher 
CRF and this can persist across a 
lifetime with regular activity. People 
who do less exercise show lower 
CRF levels. Note (but not shown), 
that CRF is also influenced by a per-
son’s genetics which account for ap-
proximately 50% of the value (and 
PA patterns the other 50%). This is 
supported in the graph whereby not 
every inactive person has a low CRF 
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and, conversely, some people can 
exercise quite a bit, but they may 
still show relatively low CRF. Errors 
in PA recall accuracy also play a 
part in this variation. 
 
Physical activity promotes many 
changes in the body’s physiological 
systems that can help prevent dis-
ease and disability. CRF is a more 
direct way that we can quantify the 
PA-induced benefits. However, it is 
really at the cellular and tissue level 

that exercise and PA, in general, 
have the greatest positive impact on 
health. So measuring CRF is itself an 
indirect way to quantify the PA-in-
duced benefits. Some of the major 
cell- and tissue-level changes 
(among the numerous) involve: 
 
• reduced clotting potential  
• immune function modifications to 
help reduce incidence of infectious 
diseases, autoimmune problems and 
some cancers (breast and colon) 
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Figure 7.3 The physiological adaptations of an active lifestyle are demonstrated 
using maximal aerobic capacity measures. The graph compares three groups of 
Australian males – sufficiently active, randomly selected background popu-
lation, a group of insufficiently active adults and Masters athletes.11,12,23 The re-
gression lines show the average for each group across the age range. The lines 
were significantly different from each other. Individuals are shown as circles 
(original data provided by Dr Lynda Norton).



• blood vessel improvements in 
compliance and BP control  
• reduced fatty plaque formation  
• increased insulin sensitivity and 
metabolic control  
• increased capillary growth and 
oxygen delivery in active tissues in-
cluding the heart  
• decreased levels of abdominal 
obesity 
 
It is obvious these physiological 
adaptations (or lack of with a seden-
tary lifestyle) are linked to a range of 
medical issues covered by the other 
questions in the APSS. For example, 
APSS question 1 on ‘heart con-
ditions and stroke’ is associated with 
someone who may have developed 
blood vessel plaques, clotting sus-
ceptibility, and poor oxygen delivery 

following a sedentary lifestyle and 
poor diet. 
 
7.3 Using the PA responses 
 
Simple lifestyle changes, particularly 
related to diet and PA, are essential 
for improving physical working ca-
pacity, and quality and length of life. 
As part of the pre-exercise screening 
process, question 7 provides a snap-
shot into a person’s current PA level 
and physiological status, and is im-
portant for: 
• estimating baseline fitness (physio-
logical adaptation) levels 
• assessing the health risks associ-
ated with physical activity (and inac-
tivity patterns) 
• formulating appropriate exercise 
prescription. 
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Table 7.1 Australian physical activity guidelines for adults developed by the  
Commonwealth Government 2021.2
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Overall, question 7 of the APSS as-
sesses a person’s weekly PA levels 
by intensity, frequency, and dur-
ation. It emphasises the importance 
of meeting the 150-minute weighted 
PA threshold, which can be linked 
to identifying acute risks, effective 
behavioural change monitoring, and 
improved health outcomes.  
 
7.4 Who is most likely to 
achieve sufficient levels of PA? 

Australia, like most countries, has 
national PA guidelines and targets.2  
 
These are shown in Table 7.1 and 
are the basis for regular surveillance 
to generate and track population-
level statistics. In the most recent 
national survey (2022) the results 
showed age- and gender-related 
levels of LTPA and are illustrated in 
Figure 7.4. 
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Figure 7.4 The results of the 2022 National Health Survey in Australia13 showed 
continued improvement in aerobic LTPA.5 However, only 22.4% of adults met 
the recommended level of PA per week for health benefits when both moderate-
vigorous aerobic activity and strength training were included.13 
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 Some of the notable findings in-
clude:  
 
• Only 22.4% of adults aged 18–64 
in Australia met the PA guidelines 
for both aerobic PA and strength-
based exercise.6  
 
• 78% of all adults (18–64 yr) do 
not meet the muscle-strengthening 

component of the PA guidelines.  
 
• Approximately 80% of all women 
did not meet both guidelines com-
pared to 75% of men.  
 
• The proportion of adults reaching 
sufficient PA levels decreased with 
age and socioeconomic status.13 
 

Figure 7.5 The reduction in the hazard ratio (HR) of all-cause mortality versus quantity 
of regular weighted leisure-time physical activity (LTPA) is shown. The figure is based 
on summary data from seven systematic reviews or large cohort studies investigating 
the average benefit of regular PA on reducing the probability of dying from any 
cause.14-17, 19-21 The individual lines represent the risk reduction in mortality (y-axis) 
when undertaking the level of weighted PA shown in minutes per week (x-axis) for 
each of the studies included. A line indicating the overall average of all studies is 
shown in red. Note the PA categories were not always identical between studies and 
some minor interpellation has been made.
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7.5 Why is 150 minutes per 
week the recommended threshold? 
 
Evidence from numerous studies 
show that engaging in at least 150 
minutes of physical activity per 
week significantly reduces the risks 
of many chronic conditions includ-
ing cardiovascular disease, type 2 
diabetes, and certain cancers.4,14-17  
 
On average, achieving the recom-
mended threshold of >150min/wk is 
associated with approximately 25% 
reduction in all-cause mortality.14 
Additional health benefits have been 
shown to accrue with increasing ac-
tivity levels in most studies, although 
the rate of benefit gained typically 
diminishes beyond about 300 
min/wk.15 

 
7.6 Key Dimensions of PA  
Patterns 
 
The APSS places significant empha-
sis on current PA patterns as a foun-
dational element in risk assessment 
and exercise prescription. Identify-
ing whether an individual is seden-
tary, insufficiently active, or 
sufficiently active has important im-
plications for their safety during ex-
ercise. There are other nuances that 
can be gained from the responses to 
the APSS question. 

- Volume of PA 
 
The total volume of PA is helpful for 
evaluating health risks and tailoring 
exercise prescription. For example, 
both low and excessive activity 
levels present specific risks.17 
Sudden increases in PA, particularly 
among sedentary or high-risk indi-
viduals, elevate the likelihood of 
musculoskeletal injuries or cardio-
vascular events.  
 
Figure 7.5 shows the average health-
related benefit of different levels of 
PA volume. While regularly achiev-
ing 150 min/wk of LTPA is recom-
mended, this level is nonetheless 
arbitrarily set on a continuous curvi-
linear relationship. 
  
The figure shows even small in-
creases in PA among sedentary indi-
viduals typically leads to significant 
health benefits, and PA volume 
above 150 min/wk leads to even 
greater benefits, albeit with dimin-
ishing returns.  
 
- Intensity of PA 
 
Exercise intensity is a key deter-
minant of health outcomes, with 
vigorous-intensity PA providing 
greater benefits compared to moder-
ate-intensity PA but posing higher 
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acute risks.16 Vigorous-intensity PA 
results in energy expenditures of ≥6 
METs, compared to about 3–6 METs 
for moderate-intensity activity. For 
example, brisk walking at 5.6 km/h 
is ~4 METs whereas running at 8 
km/h is ~8–10 METs (1 MET = 3.5 
mL/kg/min, which is a resting level 
of metabolism). 
 

Vigorous activities lead to greater 
improvements in aerobic fitness 
(VO2max) and numerous other 
physiological adaptations. Together 
they reduce cardiovascular disease 
risk compared to moderate-intensity 
activities (see Introduction Chapter). 
However, vigorous exercise tran-
siently, but significantly, increases 
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the risk of cardiovascular events, 
such as myocardial infarction in 
higher-risk individuals, necessitating 
proper screening and cautious exer-
cise prescription.15  
 
Figure 7.6 illustrates the increased 
risk of vigorous intensity exercise, 
both at the time of the exercise and 
at other times across the day. It 
shows the patterns for both a seden-
tary person (if they were to under-
take an unaccustomed bout of 
vigorous exercise), and for regularly 
active people who undertake vigor-
ous activity with different fre-
quencies across a week.  
 
For individuals who already engage 
in vigorous exercise, the figure 
shows more frequent sessions can 
reduce the relative risk of each exer-
cise bout. However, factors such as 
physical, cognitive, and environ-
mental stresses, as well as competi-
tion, can increase the risk of 
exertion-related acute cardiovascu-
lar events.18.  

 
The data shown for the marathon 
runners was based on data from 
over 29 million marathon and half-
marathon runners from 2000-
2023.22 The calculated risk was 

based on the number of cardiac ar-
rests and an assumed average finish-
ing time of 4.5 hours. While the 
precise number of vigorous-intensity 
training sessions per week was not 
recorded for the runners, it can be 
reasonably assumed to average at 
least 3-4 times per week. Data are 
broken down for males (higher RR) 
and females. 
 

7.7 Conclusion 

 
Understanding a person’s PA pat-
terns is an important part of the pre-
exercise screening process. The 
information is used to quantify the 
total weekly amount of LTPA. This 
provides an indirect insight into a 
person’s physiological changes that 
occur as a result of having an active 
or inactive lifestyle. 
 
Increased acute risk occurs in 
people who are sedentary or insuffi-
ciently active, those who suddenly 
elevate their PA habits, and particu-
larly for those unaccustomed to vig-
orous-intensity exercise. It also 
assists to individualise exercise pro-
grams. 
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Introduction 
 
The APSS Stage 1 is the compulsory 
stage that can be done online or 
face-to-face. It may be self-adminis-
tered and self-evaluated by the 
client. Our monitoring has shown 
that most facilities using the APSS 
stop at Stage 1. However, where 
time, facilities and expertise are 
available, there are significant ad-
vantages in completing Stage 2. 
 
Stage 2 is a recommended stage 
where additional risk factors are 
measured. The risk factors and be-
haviours are shown in Figures 1 and 

2 below. This stage is completed 
with an exercise professional and 
some of the risk factor measures 
require specialist skills, for example, 
in point-of-care testing using finger-
tip blood sampling. Even if blood 
measurements are not taken or 
known, other risk factors in stage 2 
are relatively easy to determine. The 
following chapters provide more de-
tailed information about each of the 
additional risk factors in stage 2 of 
the APSS. 
 
The benefits of measuring risk fac-
tors in Stage 2 include: (1) identify-
ing specific risk factors that can be 
modified by exercise and behav-
ioural change strategies, (2) educat-
ing clients about their risk factors 
and health, (3) tailoring exercise 
programs for individuals, and (4) 
tracking fitness progress and risk fac-
tor changes over time.1  

APSS Stage 2 
Recommended Stage 
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The major aims of Stage 2 are to de-
termine the number and type of risk 
factors, and to use this information to 
tailor appropriate individualised exer-
cise prescription.
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Figure 1 The Adult Pre-exercise Screening System (APSS) was co-developed by Exercise 
and Sports Science Australia (ESSA), AUSactive and Sports Medicine Australia (SMA). The 
recommended questions 8-13 in Stage 2 of the APSS tool are shown. This updated Ver-
sion 2 was released in 2019.
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Figure 2 The Adult Pre-exercise Screening System (APSS) was co-developed by Exercise 
and Sports Science Australia (ESSA), AUSactive and Sports Medicine Australia (SMA). 
The recommended questions 14-18 in Stage 2 of the APSS tool are shown. 
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Identifying specific risk factors 
 
There are national and international 
norms and cut-off values for increas-
ing health risks for each of the risk 
factors. These are generally agreed 
thresholds that have been linked to 
increasing morbidity and mortality. 
These associations are discussed 
further in the chapters. 

 
The relative importance of risk fac-
tors become more obvious through 
studies such as the Global Burden of 
Disease Study 2021.2 In one of the 
largest risk factor studies ever under-
taken, data from 54,561 separate 
sources (smaller studies) were col-
lated and analysed to determine the 
most significant contributors to pre-
mature death and disability – 
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Figure 3 The attributable burden metrics are shown as percent of total global 
DALYs, and when ranked against 88 risk factors measured in the original study 
(rank number is shown above the circles). Note these four metabolic risk factors 
and one behavioural risk factor are also measured as part of APSS Stage 2 and are 
all ranked in the top 7 in 2021. The metabolic risk factors shown increased in their 
relative contribution to the total burden of disease. Overall, the total contribution of 
metabolic risk factors to global DALYs increased by 49.4% while other risk factors 
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measured as disease burden. 
The burden of a particular disease or 
cluster of diseases may be analysed 
to determine the proportion that can 
be attributed to a particular risk fac-
tor or combination of risk factors. 

This is typically quantified in disabil-
ity-adjusted life-years (DALYs), rep-
resenting the sum of years of life lost 
to premature mortality and years 
lived with disability. In this way the 
relative contribution of risk factors to 
the overall burden can be ranked. 
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Figure 4 A cohort study investigated 8 lifestyle factors and their impact on life ex-
pectancy. *Hazard ratios (HR) were calculated following 276,132 U.S. military 
Veterans aged over 40 years. There were 34,247 deaths across the 10-year fol-
low-up period. The Veterans were initially assessed for lifestyle factors, health, 
and behaviour patterns. Lifestyle factors included physical activity, smoking, die-
tary habits, binge drinking, sleep quality, social interactions (all shown), plus 
avoidance of opioid substances and managing stress. The HR were also adjusted 
for age, sex, BMI, ethnicity, marriage status, educational level, and family income 
levels. Overall, there was prolonged life expectancy of up to 24 years for males 
and 20.5 years for females beyond age 40 if they adopted all 8 healthy behav-
iours measured, compared to those who didn’t. This translated into average life 
expectancies of 63 versus 87 years for males, and 67 versus 87.5 years for fe-
males.
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This is summarised in Figure 3 for 
risk factors that are also included as 
part of the APSS Stage 2. 
 
Throughout the next chapters evi-
dence will be presented to show the 
importance of each of the risk fac-
tors measured as part of the APSS. 
They are part of the APSS because 
they can impact acute and chronic 
risk when undertaking exercise. 
They also play a critical role in de-
termining the health of individuals 
and populations.  
 
Educating clients about their risk 
factors 
 
It is always an important part of 
screening and prescribing exercise 
that exercise professionals take the 
time to educate clients about health 
risk factors. For example, explaining 
what are the major modifiable risk 
factors and their risk thresholds, 
what the evidence-base is that sup-
ports the links to health and disease, 
and how positive behaviours can 
alter the degree of risk and by how 
much. 
 
An illustration that helps to educate 
clients put risk factors and behav-
iours into perspective can be seen in 
Figure 4. The results were based on 
a large cohort followed for 10 

years.1 The figure shows the average 
reduction in the risk of death [% de-
crease in hazard ratio (HR)] when an 
individual had a positive lifestyle 
factor, compared to individuals with 
the risk factor. For example, there 
was an average of 46% reduction in 
the HR for physically active individ-
uals compared to those not achiev-
ing sufficient physical activity, and a 
30% HR reduction in ‘never-
smoked’ versus smokers. 
 
Tailoring exercise programs for indi-
viduals 
 
It is beyond the scope of this book 
to cover exercise prescription prin-
ciples for clients with various risk 
factors. Notwithstanding, there are 
some examples presented in the fol-
lowing chapters that include exer-
cises to avoid or to include for 
clients with risk factors.  
 
Tracking fitness progress and risk 
factor changes over time 
 
Most people like to receive positive 
reinforcement about health and fit-
ness improvements as they under-
take a new or upgraded exercise 
program. Objectively measured 
health risk factor and fitness changes  
are part of that feedback, goal-set-
ting, and client management.
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8.1 Introduction 
 
The benefits of exercise across all 
ages are well documented and regu-
lar physical activity should be con-
sidered essential for healthy ageing.1 
However, the risk of a serious ad-
verse event, such as falls-related in-
jury or cardiovascular event, 
increases with age.  
 
The APSS question 8 states the risk 
of an adverse event increases for 
males ≥ 45 yr and females ≥ 55 yr. 
This refers more specifically to ad-
verse respiratory, cardiovascular, or 
metabolic events and these types of 

events are relatively rare. Keep in 
mind the most common gym-related 
causes of injuries are associated 
with slips and falls, equipment-re-
lated injuries, and over-exertion in-
juries.2 Furthermore, the injury type 
is most often related to soft tissue 
(96%) and occurs more frequently in 
younger people (see Chapter 18).2 
Males account for around 57% of 
injuries reported from gym use, 
which is similar to 55% reported for 
all-cause injury hospitalisations.3 
 
Notwithstanding, older people are 
encouraged to be more active and 
many begin physical activity pro-
grams later in life. Therefore, the 
age-related risk of serious adverse 
events presents additional chal-
lenges for health professionals to 
manage safe participation of middle-

Age and sex  08
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The strong association between age 
and many diseases means there is an 
increased likelihood that existing con-
ditions will be present. The absence of 
diagnosis does not mean the absence 
of pathology and this should be con-
sidered, especially when screening 
older clients.
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older aged adults in sports and 
physical activity, especially when 
they are beginning an exercise pro-
gram.4 
 
8.2 Burden of disease 
 
As Australians live longer and medi-
cal advances are introduced, there 
are changes in the patterns of causes 
of disease burden, disability and 
death. For example, 20 years ago 
the proportion of the total disease 
burden due to cancer, cardiovascu-
lar disease and musculoskeletal con-
ditions was higher than it is today, 
while mental health and neurologi-
cal diseases now account for a 
greater proportion of this burden 
than previously. There are also sex-
related differences whereby males 
have significantly higher rates of cor-
onary heart disease and lower rates 
of dementia, and this pattern is re-
versed in females.5 
 
8.3 Life expectancy versus 
healthy life expectancy 
 
In Australia, life expectancy is 
among the longest in the world. 
Over the past 20 years it has steadily 
increased to 81.1 years for males 
and 85.1 years for females at birth.6 
Female life expectancy is typically 
longer due to protective biological 

differences, less risk-taking behav-
iour and occupations, and different 
health behaviours.7 This wasn’t al-
ways the case since up until about 
150 years ago women faced a much 
higher risk of birth-related complica-
tions and death.8 This resulted in 
similar or shorter life-expectancy 
compared to men in many coun-
tries.9  
 
Although an extended life expec-
tancy assumes healthier living, mod-
ern public health advances result in 
many people living with chronic 
conditions and disability.1 This can 
be seen in Figure 8.1 which shows 
that healthy life expectancy (also 
called disability-free years) has not 
kept pace with the increasing length 
of life. On average, males currently 
live 71.6 years in full health while 
for females it is 73.6 years.  
 
The net result over the past 20 years 
is a widening gap when more 
people are living with chronic ill-
ness and other disabilities.5 This gap 
translates to an enormous health 
system burden associated with hos-
pital, primary health care and re-
ferred medical services, especially 
for those aged in their 70’s.10 It also 
emphasises the need for preven-
tative interventions such as exercise 
to extend disability-free years and 
reduce medical costs. 
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8.4 Mortality  
 
The death rate from all-causes in 
Australia increases rapidly from 
about the age of 70 years as illus-
trated in Figure 8.2.6 The figure 
shows the acceleration in risk of 
dying (for all causes) up to age 80 
years. The thresholds chosen in the 
APSS (males >45 yr and females 
>55 yr) represent additional risk of 
an adverse event occurring and are 
approximately equal between the 
sexes. It is arbitrarily and conser-

vatively set at about 300 deaths per 
100,000 population. 
 
8.5 Considerations for exercise 
prescription  
 
Health practitioners should avoid 
placing unnecessary barriers to exer-
cise participation regardless of age 
or sex. The exercise capacity can 
rapidly decrease as we age, particu-
larly for those who may not have 
been regularly active for many 
years. Therefore, exercise programs 
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should be individualised, begin con-
servatively, be reviewed regularly, 
and increased cautiously. The dif-
ficulty in attaining and maintaining 
fitness with advancing age should 
also be considered.  
 
• Accessibility: Exercise prescription 
should always start at the existing 
exercise capacity and follow prin-
ciples of progressive overload with 
caveats to avoid exacerbation for 
some clinical presentations.11 Exer-

cise prescription should be made 
accessible for safe and long-term en-
gagement. Abrupt exposure to vigor-
ous intensity and/or higher volumes 
of training can increase the risk of 
acute serious (eg. sudden cardiac 
death, myocardial infarction or hip 
fracture), and non-series adverse 
events (eg. excessive soreness or 
muscle injury), and should be 
avoided.12 Negative experiences of 
exercise not only impact the partici-
pant but also the perceptions of 
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family and friends, particularly those 
with low health literacy. 
 
• Safety: Pre-exercise screening 
should include screening for medi-
cations and their impact on the ca-
pacity to exercise, for example, 
coordination and balance (see 
Chapter 15). Exercise guidelines 
should be followed where available 
such as the ESSA and other inter-
national position statements on falls 
prevention in older adults.13,14 Pre-
scription should always be within 
the scope of the trained practitioner, 
and it should be recognised that ab-
sence of diagnosis does not mean 
the absence of pathology.15 It is the 
responsibility of the exercise profes-
sional to reasonably identify com-
mon contraindications to exercise 
and refer to an appropriate health 
practitioner where necessary. Any 

substantial upgrading of exercise 
programs or major changes in health 
status requires another screening re-
view.15  
 
• Education: Exercise programs 
should be accompanied with educa-
tion for life-long independent exer-
cise engagement. For example, basic 
resistance training and equipment 
safety, falls prevention strategies and 
balance activities,16 or self-monitor-
ing for signs and symptoms of acute 
adverse events is advised.  
 
• Impact: Practitioners should not 
underestimate the impact of social 
interaction with their older exercise 
participants as studies have shown 
this may slow cognitive declines and 
symptoms associated with 
Alzheimer’s disease.17 
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9.1 Introduction 
 
The WHO reports cardiovascular 
disease (CVD) is the leading cause 
of death globally, accounting for ap-
proximately 31% of all deaths. Of 
these, about 85% are due to heart 
attacks and strokes.1 Since an esti-
mated 30-60% of morbidity and 
mortality of coronary heart disease 
(CHD) can be linked to genetic risk 
factors, it is defendable that the Aus-
tralian adult pre-exercise screening 
tool (APSS) involves a question on 
family history of heart disease.2,3,4 
 
 
 

9.2 What influences the risk of 
developing CHD? 
The risk of developing CHD dep-
ends on a combination of factors 
that are related to modifiable risk 
factors such as lifestyle/behaviours 
and environmental factors, and non-
modifiable risk factors such as gen-
etics. Importantly, it has been shown 
that lifestyle/behavioural and envi-
ronmental factors can all adjust the 
strength of genetic influences by 
modifying gene expression through 
epigenetic links. 
 
9.3 Genetics 
  
Epidemiological studies have ident-
ified genetic variants directly associ-
ated with risk of CHD.5,6 Studies 
looking at combinations of the gen-
etic variants associated with the risk 
of CVD have identified at least 60 
genetic loci.7 These studies have es-
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tablished a gradient of risk depend-
ing on how many of the variants a 
person possesses. For example, in 
one community-based cohort study 
of 48,421 individuals, their DNA 
was analysed to determine how 
many of 27 known genetic variants 
each person had.8 They used this in-
formation to group them as either a 
low, intermediate or high risk for 
coronary heart disease. This allowed 
the researchers to calculate the risk 
ratios of new and recurrent CHD 
events in this cohort. The results 
showed that compared to the low 
genetic risk group, people in the in-
termediate genetic risk group had a 
34% greater risk for CHD and those 
in the high genetic risk group had a 
72% greater risk for CHD.8  
 
The likely explanation is the fact 
about 20% of the genetic loci are lo-
cated near genes with known roles 
associated with metabolism of LDLs 
and triglycerides, and about 10% 
are located close to genes associ-
ated with regulating blood pressure.7 
Hence, the current understanding of 
the genetic basis of CHD risk sug-
gests the pathogenesis derives from 
the cumulative effect of multiple 
common ‘risk genes’, each with 
smaller effects, rather than from rare 
genetic variants with large effects on 
CHD risk.9 

9.4 Familial links 
 
Figure 9.1 illustrates who is a 1st or 
2nd degree relative. First degree 
relatives share, on average, about 
50% of their DNA. These relatives 
are parents, siblings and children. 
Identical twins share 100% of their 
DNA. Second-degree family links 
share, on average, about 25% of 
their DNA. These 2nd degree 
relatives include grandparents, 
uncles/aunts, nieces/ nephews, and 
grandchildren. Cousins are con-
sidered 3rd degree relatives and 
share approximately 12.5% of their 
DNA. 3rd degree relatives are not 
normally considered when respond-
ing to the question in the pre-exer-
cise screening system on ‘family 
history of heart disease’. 
 
While the genetic links are diluted 
through breeding, there is still a po-
tentially significant association be-
tween a 2nd degree relative’s CHD 
history and your own.13 As might be 
expected, the more DNA you have 
in common with relatives who have 
had CHD at a younger age, the 
higher the relative risk that you 
might also develop CHD in your 
lifetime. A summary of the strength 
of these associations is illustrated in 
Figure 9.1.  
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-  Parents 
 
Parents are 1st degree relatives. The find-
ings from the INTERHEART study in Ca-
nada reinforces the need to include the 
question on family history of heart dis-
ease in the screening system.10 The 
study involved 12,461 patients from 

around the world who were being 
treated for their first heart attack, as well 
as 14,637 age- and sex-matched con-
trols. Of these, 18.1% of patients who 
had suffered a heart attack, had parents 
with a history of heart attack. This is 
compared to 12% of patients who had a 
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Figure 9.1 Illustration of 1st and 2nd degree family links. Grandparents, uncles and aunts are 
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The RR of CHD for a hypothetical client (male or female shown in yellow) depends on 
which family members have previously suffered from CHD and at what age. The increased 
risk is based on a risk ratio or ‘relative risk’. The RR of the yellow ‘client’ is calculated using 
the incidence of CHD in people who have a specific relative with CHD compared to the 
incidence among people without a family history of CHD (for similar relative). Example 1: 
A male client (in yellow) reports a 2nd degree family history of CHD in a grandfather aged 
52 years. The figure shows the client is at a 50% (RR=1.5) increased risk of having CHD. 
Example 2: A female client (in yellow) reports 1st degree family history of CHD in both par-
ents when aged in their 60’s. The figure shows the client is at about 126% (RR=2.26) in-
creased risk of developing CHD. *Note for the twin studies a ‘hazard ratio’ (HR) analysis 
was used where following the death of one twin, the researchers record the duration before 
death of the respective twin. Values above 1.0 mean the event (death) is more likely to 
occur sooner in the twin versus non-related controls. Based on data from: 2,3,10,11,12,13
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heart attack but their parents had 
not had a heart attack. Overall, 
people with at least one parent with 
a history of heart disease were, on 
average, about 74% (RR=1.74) more 
likely to get heart disease them-
selves compared to no parent with 
heart disease, even when factors 
such as the patient’s age, sex, smok-
ing, alcohol consumption, obesity 
level and region of residence were 
considered. Further, the risk was the 
same whether it was the father or 
mother who had the heart attack, 
and higher still if both parents were 
affected (RR=2.26). Similarly, the 
risk was raised if the parent(s) had 
the heart attack before the age of 50. 
In a smaller Australian study of CHD 
and family history, the RR was found 
to be 2.7 when any one or more 1st 
degree relatives had CHD at any 
age. The RR increased to 5.4 when 
two or more 1st degree relatives had 
CHD before the age of 55 years.12 
Overall, it is clear there is an elev-
ated risk for heart disease if a parent 
has heart disease, especially at a 
younger age. 
 
-  Twin links 
 
In a study involving 21,004 twins 
followed throughout life, the RR of 
dying of CHD for a twin whose re-
spective twin had died of CHD was 

calculated. The CHD-related deaths 
were recorded and the relative ha-
zards were as follows for each sex. 
Males: if one identical twin died of 
CHD aged <55 then the hazard ratio 
(HR) of the other dying of CHD in-
creased by 8.1 x. Males: if one non-
identical twin died of CHD aged 
<55 then the HR of the other dying 
of CHD increased by 2.7 x. Females: 
if one identical twin died of CHD 
aged <65 then the HR of the other 
dying of CHD increased by 15 x. Fe-
males: if one non-identical twin 
died of CHD aged <65 then the HR 
of the other dying of CHD increased 
by 2.6 x.2 Furthermore, the strength 
of the association for CHD between 
twin pairs became less significant 
the older the age of the twin. 
   
9.5 What are the best estimates 
of the influence of a family history 
of CHD on my risk? 
 
A client’s RR for CHD based on a 
history of CHD in family members is 
summarized in Figure 9.1. The figure 
shows the differentiation of 1st and 
2nd degree relatives and presents the 
RR for a hypothetical ‘client’ shown 
in yellow (male or female) in the 
centre of the family tree. In general, 
the table shows that, on average, a 
client with either 1st and/or 2nd de-
gree relatives has a significantly 

104

Fa
mi

ly 
his

tor
y



elevated risk of CHD. It also shows 
that having closer genetic links, that 
is, with 1st degree relatives who have 
CHD, increases a client’s risk more 
than if the link is with 2nd degree 
relatives. The risk is elevated further 
if multiple relatives have a history of 
CHD. 
 
9.6 Can I change the influence 
of my family history of CHD? 
 
The answer is yes. However, it is es-
sential to promote and adhere to a 
healthy lifestyle, in particular, not 
smoking, avoiding excessive body 
fat, consuming a healthy diet and 
undertaking regular exercise. For 
example, a longitudinal study re-
viewed the impact of physical activ-
ity (PA) on the incidence of CHD. 
Genetic risk was assessed as well as 
patterns of PA. Participants were fol-
lowed for almost 7 years and the re-
sults showed (unsurprisingly) those 
in the highest genetic risk group and 
lowest levels of PA had the highest 
HR for CHD. Importantly, when 
people with the same genetic risk 
were compared, the HR was signifi-
cantly lower for those undertaking 
an average of 121 min/wk PA com-
pared to 32 min/wk PA (HR = 0.41 v 
0.61).14  
 
Most physical activity intervention 
studies show, on average, positive, 

albeit modest, outcomes on major 
risk factors such as elevated blood 
pressure, high lipid levels, and insu-
lin insensitivity.14 While the attenu-
ation of risk factors is significant and 
important, they are generally much 
less dramatic following PA versus 
pharmaceutical interventions,12 al-
though there are numerous addi-
tional benefits of undertaking 
regular PA. 
 
Individuals at higher risk will also 
benefit from pharmaceutical ther-
apies to reduce LDL cholesterol, 
lower blood pressure or anticoagu-
lants to mitigate development of 
blood clots, although the gains vary 
among people. For example, in the 
study involving the genetic risk 
score,8 there was a gradient of bene-
fit for people randomised to take sta-
tins. Individuals in the higher 
genetic risk group derived the largest 
relative (~48% reduction in RR) and 
absolute benefit from the statin ther-
apy.  
 
9.7 Why has the ‘family history 
of heart disease’ risk factor question 
changed the age thresholds for 
males and females in APSS V2?  
 
The first version of the APSS tool 
(2011) used different thresholds for 
male and female relatives in relation 
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to the question concerning ‘pre-
mature’ heart attack or stroke. In the 
original version male relatives aged 
<55 years and female relatives aged 
<65 years who had suffered from 
heart disease or had a stroke were 
considered ‘premature’ or ‘atypical’. 
However, this has been changed for 
the APSS V2 (2019) tool. Version 2 
does not have different age thresh-
olds for premature ‘family history of 
heart disease or stroke’ for males 
versus females. It is conservatively 
set at a level of <55 years for 
relatives of both sexes. Heart disease 
or a stroke before this relatively 
young age is considered premature 
and adds to the acute and chronic 
levels of risk for the client.  
 
Expanding out the family links to in-
clude 2nd degree relatives is also a 
change in the second version of the 
APSS. The reason for changing these 
definitions is because the research 
demonstrating genetic links for CHD 
continue to show it involves more 
genes, has stronger association 
along family lines including 2nd gen-
eration members,13 and generally 
operates by increasing clusters of 
other risk factors such as hyperten-
sion, hypercholesterolemia and cen-
tral obesity.4,7,9 

 
It is important to point out that par-

allel screening systems such as the 
ACSM-AHA (2018) and ePARmed-
X+ pre-participation tools, as well as 
groups such as National Heart Foun-
dation, the Australian Chronic Dis-
ease Prevention Alliance, and the 
American and European Colleges of 
Cardiology continue to use or pro-
mote the traditional thresholds of 
<55 years for male relatives and <65 
years for female relatives.  
 
These national and international sys-
tems helped guide the Australian 
APSS system and the associated 
tool/questionnaire. The specific 
thresholds are somewhat arbitrary 
but are also based on evidence. For 
example, the age thresholds are sub-
jectively set at levels where the rate 
of heart attacks rises in the popu-
lation above a very low level, and 
where CHD rates are approximately 
equal for the sexes.  
 
The specific CHD rates are similar to 
one another when men are aged 
about 55 years and women are aged 
about 65 years. The basis for using 
different age thresholds for men ver-
sus women when considering pre-
mature heart disease is centred on 
observed differences in the onset of 
cardiovascular disease. Essentially, 
large epidemiological studies have 
consistently shown that men tend to 
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develop cardiovascular disease ear-
lier than women. Men are more 
likely to experience heart attacks or 
other cardiac events in their 40s and 
50s, while women typically see a 
rise in these events to match levels 
seen earlier in men when they reach 
their 60s.  
 
The main reasons explaining these 
patterns are the biological and hor-
monal differences between men and 
women. These physiological (gen-
etic) influences result in character-
istic risk factor profiles for 
cardiovascular disease that typically 
differ for men and women in these 
age ranges. For example, men are 
more prone to develop hypertension 
and central obesity at younger ages, 
while women are more likely to de-
velop heart disease in association 
with other conditions like diabetes, 
and after the onset of menopause. 
Menopause influences hormones 
(mainly decreasing oestrogen) in 
ways that increase the levels of cen-
tral obesity, blood pressure and cho-
lesterol, resembling the patterns 
typically seen in men.  
 
So, while the thresholds for in-
creased risk are the same in the 
APSS V2 system (ie., age <55 years), 
there is still likely to be a higher 
acute and chronic risk for males ver-

sus females when compared at the 
same ‘premature’ age. 
 
9.8 Conclusion 
 
Numerous cross-sectional studies 
have demonstrated a higher preva-
lence of a positive family history of 
CHD among people with CHD 
compared to control subjects. Addi-
tionally, large prospective cohort 
studies have almost universally 
found positive associations between 
1st and 2nd degree relatives with 
CHD and increased relative risk for 
offspring developing CHD. The ex-
tremely high relative risk in identical 
twin studies solidifies the genetic 
basis of family history and CHD. 
 
It is especially important, therefore, 
for clients with a family history of 
CHD to adopt a healthy lifestyle and 
to reduce modifiable risk factors in-
cluding undertaking regular physical 
activity. 
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10.1 Introduction 
 
About 1 in 12 Australians over the 
age of 14 years smoke tobacco 
products daily (8.3%).1 Although un-
acceptably high, it is currently at the 
lowest level since the 1950’s when 
over 40% of all adults smoked. The 
WHO has indicated a persistent and 
steady global decline in tobacco use 
across all age groups over the last 25 
years as illustrated in Figure 10.1. 
Notwithstanding, the recent percen-
tage of smokers means about 1.8 
million Australians smoke on a daily 
or weekly basis and are therefore at 
risk of developing heart disease and 

other chronic conditions from smok-
ing tobacco products.2  
 
Until very recently, many Australians 
were using e-cigarettes which had 
rapidly grown in popularity, es-
pecially among younger people. This 
trend is highlighted below.  
 
Tobacco use is the leading modifi-
able risk factor contributing to the 
burden of disease in Australia. To-
bacco smoke contains over 7,000 
chemicals, of which it is known that 
at least 70 can cause cancer and 
other tissue pathologies. Cardiovas-
cular disease (CVD), lung cancer 
and chronic obstructive pulmonary 
disease (COPD) are consistently 
among the top 5 leading causes of 
the total disease burden (measured 
in disability-adjusted life years or 
DALYs) in age groups 45+ yr for 
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both males and females in 
Australia.3  
 
 
Smoking is a risk factor for chronic 
conditions but can also impact 
many other risk factors as indicated 
in the Figures 10.2 and 10.3. Some 
of these effects can impact acute 
risk.  
 
Therefore, when a smoker presents 
for a consultation, or when they 
begin or upgrade their exercise ha-
bits, it is important to be aware of 
these interactive effects and to the 

additive risk that a smoker presents. 
This is especially the case for a 
longer-term and/or heavy smoker. 
Note also a couple of things about 
the APSS question on smoking:  
(1) a risk factor for smoking includes 
previous smokers who have quit 
within the last 6-months. This is be-
cause people who have recently quit 
still show elevated risk for many of 
the acute and chronic problems as-
sociated with smoking, and 
 
(2) the question also seeks informa-
tion on the average number of ciga-
rettes smoked per day. The reason is 

110

Figure 10.1 Global tobacco use across different age groups since 2000. Prevalence 
rates are decreasing but are often replaced by vaping products. * Data and predicted 
2025 values are from World Health Organisation.
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there exists a graded risk for acute 
and chronic conditions based on the 
number of cigarettes smoked. The 
relative risks and hazard ratios pres-
ented in Figure 10.3 summarise the 
elevated risk relationship. Even one 
cigarette per day increases the risk 
of heart disease by at least 50%.17 
 
Consequently, it is advisable to be 
more conservative with regards exer-
cise intensity prescription for both 
testing and programming purposes 
for smokers, at least until you be-
come familiar with their functional 
capacity. The sections below outline 
the acute and chronic risks associ-
ated with smoking and what to be 
aware of in terms of acute physio-
logical changes that can impact the 

interpretation of exercise testing and 
exercise prescription. 
 
10.2 Acute risk for smokers 
 
To reduce the acute risk to a client 
during a consult or physical activity 
session it is important to advise 
smokers to refrain from smoking for 
at least 2 hours prior to the visit. 
 
The reason is that if a client has 
smoked tobacco within the past 2 
hours or so, then many of the 
chemicals contained in the cigarette 
smoke will still be present in the 
body. For example, one of the main 
chemicals - nicotine - has a half-life 
of 1-2 hours or more. A chronic 
smoker will also have nicotine in 
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Figure 10.2 Simplified overview of the mechanisms for acute risk leading to a major 
cardiovascular event among smokers. The acute effects of carbon monoxide and nic-
otine within cigarette smoke together with underlying chronic inflammation in vascu-
lature and airways results in physiological changes at rest and during exercise that 
will both: (1) increase the work and oxygen demand of the heart, and (2) decrease the 
supply of oxygen to the heart. The mismatch between oxygen supply versus oxygen 
demand may result in myocardial ischemia, precipitate myocardial infarction (MI) and 
potentially lead to sudden death. Relative risks of these events are shown in Figure 
10.3.
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fatty tissue, and this can have 
physiological impacts for days, even 
after cessation of smoking. In heavy 
smokers, nicotine levels are lowest 
(but still present) in the morning be-
fore smoking and can often be elev-
ated 10-fold or more throughout the 
day after smoking.  
 
As illustrated in Figure 10.2, nic-
otine is a stimulant that acts on the 
sympathetic nervous system causing 
the release of epinephrine (adrenal-
ine) from both nerve endings and 
the adrenal gland. The main physio-
logical impacts of epinephrine are to 
cause increases in heart rate and 
blood pressure. It does this primarily 
in two ways:  
 
(1) directly enhancing the pace-
maker cells in the sinoatrial node to 
depolarise faster – up to 20 
beats/minute faster, and  
(2) causing vasoconstriction of blood 
vessels via smooth muscle cells in 
the vessel walls.  
 
Overall, the heart beats faster and 
with greater force, vasoconstriction 
causes afterload to increase, and the 
heart needs to work harder to circu-
late blood. Since the work of the 
heart is directly proportional to the 
oxygen it requires, it is clear that 
people who smoke and who may 

have narrowed coronary blood 
vessels, may suffer compromised 
myocardial oxygen delivery. In turn, 
this can result in chest pain, arryth-
mias or heart attack. 
Another major component of ciga-
rette smoke is carbon monoxide 
(CO). This molecule has an affinity 
for haemoglobin that is over 200 
times greater than oxygen mol-
ecules. This means CO concentra-
tions in smokers (measured as 
carboxyhaemoglobin concentration) 
are typically higher (5-10%) than 
non-smokers (0-2%), depending on 
exposure to automotive exhaust. The 
biological survival threshold for CO 
is ~15%!  
 
When CO binds to haemoglobin it 
prevents oxygen from binding. This 
impairs delivery of oxygen which 
can exacerbate ischemia, increase 
arrythmias, and reduce exercise tol-
erance in smokers.4 CO takes up to 
5 hours to be cleared from the body.  
 
The acute relative risk (and hazard 
ratios) for heart attacks and sudden 
death for smokers (relative to non-
smokers) are presented in Figure 
10.3. These data have been col-
lected on large cohorts that are fol-
lowed for long periods of time. For 
example, the relative risk of a heart 
attack (at any time) for a smoker of 
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Figure 10.3 Mechanisms for acute and chronic risks associated with smoking, and relative risks 
and hazard ratios for major diseases and conditions. The risk and hazard ratios were established 
in large population studies. Relative risk describes how many times more likely a person ex-
posed to the risk factor (smoker) is of developing the disease compared to a person who is not 
exposed to the risk factor (non-smoker). A hazard ratio is the ratio of how often a specific event 
occurs in smokers versus non-smokers per unit of time, for example, having a heart attack over 
a 10-year period of observation.

Adverse event during ACUTE exercise
(elevated further if smoked within 2 hours)

CHRONIC conditions

Current SMOKER#

(or quit in the last 6 months)

Mechanisms for a smoker’s increased acute and 
chronic risk include short-term physiological 
changes and pathologies developed over time. 
These changes pose increased risks for 
respiratory and/or cardiac events such as 
dyspnoea and hypoxemia, angina, arrhythmias 
and heart attack. Lifetime smokers die, on 
average, 10 years younger than non-smokers.6 
Mechanisms include:

• increased likelihood of coronary artery spasm 
and risk of rupturing atherosclerotic plaques 3
• higher lung epithelial cell permeability leading 
to cell leakage, fluid accumulation and associated 
dyspnoea and hypoxemia 7
• elevated platelet reactivity and increased 
thrombosis 8
• increased coronary artery calcium deposition 
and progression 9
• endothelial dysfunction leading to elevated 
plaque formation and reduced elasticity 10

• increased systemic markers of inflammation 
(including C-reactive protein), associated plaque 
instability, and reduced blood vessel tone 11

• raised coronary atherosclerosis and arterial 
stiffness 9
• nicotine initiates conduction block, re-entry and 
increases the vulnerability to ventricular 
fibrillation via blocking K+ channels12,13

• smoking can influence other cardiovascular risk 
factors including initiating glucose intolerance 
and lower blood levels of HDL4

Significant increase in the probability of an acute 
adverse event in smokers, especially if there are 
existing cardiovascular risk factors such as 
hypertension, high cholesterol, or diabetes. 

Pathologies developed over a longer period 
which impact relative risk of chronic diseases and 
premature morbidity and mortality, in particular:

Relative risk and hazard ratio (HR) of 
smokers (CPD*) vs never-smokers    
   Men     Women 
  1   20   1   20
  1.48 (1.2) 2.04 (1.7) 1.57 2.84
  1.25 (1.1) 1.64 (1.4) 1.31 2.16 
  1.4 (2.4) 13.7 (4.2) 1.5  24.1
  (1.46-2.9) (2.07-2.5) (1.5) (3.3)

Cigarettes/day*

Coronary heart disease16,17

Stroke16,17

Lung cancer16,18

COPD16,19

Relative risk (RR and HR) of smokers vs never-smokers 
anytime

         Men       Women
      2.06-4.48    2.11-5.11
      1.3-3.0+    1.3-3.0 +

     1.79     1.82

Heart attack
Sudden death (RR)4,12

Sudden death (HR)14

# smoking tobacco, including manufactured 
(packet) cigarettes, roll-your-own cigarettes, 
cigars, and tobacco in pipes and waterpipes

The heart attack RR data are for acute non-fatal myocardial 
infarction the INTERHEART 52-country study.15 The range 
indicates the increasing risk for people who smoke 1-19 up 
to 20 or more cigarettes per day (versus lifetime non-
smokers).
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<20 cigarettes per day is about 2x 
that of a non-smoker. If the smoker 
has a >20 cigarettes/day habit, then 
the risk of a heart attack is 4-5x that 
of a non-smoker. If we superimpose 
exercise stress on top of these stat-
istics, especially if the person is 
starting or upgrading their physical 
activity patterns, then the relative 
risk is elevated again and can be 
over 20x that of a regularly active, 
non-smoker during exercise. The in-
troduction to this book outlines the 
overall increase in relative risk for 
specific sub-groups within the gen-
eral population during exercise 
compared to rest. 
 
10.3 Chronic risk for smokers 
 
Figure 10.3 outlines the major 
mechanisms associated with in-
creased risk for both acute and 
chronic problems for smokers 
relative to non-smokers. References 
are provided or each of the mechan-
isms.  
 
When interpreting Figure 10.3 it is 
important to recognise several key 
points. The data presented as relative 
risk and/or hazard ratios are re-
ported for the cohorts studied and 
these statistics can differ based on 
the age range and sex of these 
groups and how long they are fol-
lowed.5 

Both age-specific relative risk, and 
age-specific excess deaths, are im-
portant statistics but excess deaths 
for each condition are not shown. 
The RR is the ratio of CHD rates for 
populations of smokers to rates for 
lifetime nonsmokers. Excess death 
rate is the difference between the 
rates of deaths for smokers versus 
nonsmokers. 
 
For example, if one considers CHD 
in men, the RR of smokers dying 
peaks in the age groups 40-44 and 
45-49 years (RR~6.5 and 5.5, re-
spectively) before decreasing 
steadily to 75-79 (RR~1.5). It means 
a 40-something year male smoker is 
about 6-times more likely to die 
from CHD than his age-matched 
non-smoking peers (although the ab-
solute rate of death, and therefore 
excess death number is relatively 
low at ~100/100,000 people for this 
age group). However, by the late 
70’s the excess death rate of smokers 
versus non-smokers is approxi-
mately 500/100,000 people, a 5-
fold increase despite a lower RR. 
The underlying pathology caused by 
smoking may take years to fully im-
pact a person’s life, for example via 
lung cancer or CHD, although ob-
viously this is not always the case. 
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10.4 Conclusion 
 
It has been well established for dec-
ades that smoking is not good for 
you. Smoking increases the risk of 
serious adverse events such as stroke 
and heart attack, particularly during 
strenuous activity. Oxygen delivery 
is compromised in chronic smokers, 
and this may present itself as breath-
ing difficulties, angina, ECG changes 
and abnormal heart rhythms. It is 
recommended that exercise profes-
sionals be especially conservative 
with exercise testing and prescrip-
tion when dealing with long-term 
and/or heavy smokers. Quitting 
smoking can reverse some of the 
elevated risk and regular exercise 
can further improve functional ca-
pacity and quality of life. 
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e-cigarettes in Australia

Electronic cigarettes or ‘vapes’ are devices where people inhale aerosol rather than 
smoke. The inhaled aerosol usually contains flavourings and a range of hazardous 
chemicals. It can also contain nicotine, even if labelled ‘nicotine free’ 
(https://www.health.gov.au/topics/smoking-vaping-and-tobacco/about-vaping).

The adverse effects of using e-cigarettes that contain nicotine can include inhalation 
toxicity including seizures, irritation of the mouth and airways, nausea, nicotine 
dependence and increased heart rate and blood pressure.1,2 In many cases, it is not 
known what the longer-term effects are for the many other chemicals in e-cigarettes.

The proportion of people using e-cigarettes daily in Australia increased substantially, from 
an overall 0.5% (~100,000 people) in 2016 to 3.5% (~700,000 people) in 2022–2023.1 

The increase has not been uniform,
with the greatest increases among 
the younger age groups as shown 
in the figure.

The age groups most likely to be 
using e-cigarettes were different to 
those most likely to smoke 
tobacco. For example, e-cigarette 
use is highest among younger 
people 18-29 years, while daily 
tobacco smoking is highest 
among people 40–59 years in 
2022–2023.1

Based on the rapid uptake of 
vaping, and the potential serious
acute and chronic side effects,
new laws were introduced into 
Australia from July 2024. These 
have now made it illegal to manufacture, commercially possess or sell non-therapeutic 
vapes and disposable vapes regardless of whether they include nicotine or other 
controlled substances. The exceptions include therapeutic vapes for people quitting 
smoking, or managing a nicotine dependence (addiction).

1. Australian Institute of Health and Welfare. Electronic cigarette use (vaping) in Australia in 2022–2023 
[Internet]. Canberra: Australian Institute of Health and Welfare, 2024 [cited 2024 Oct. 30]. Available from: 
https://www.aihw.gov.au/reports/australias-health/vaping-e-cigarettes

2. Smoking and vaping, 2022. Australian Bureau of Statistics
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/smoking-and-vaping/latest-release.
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11.1 Introduction 
 
The APSS question on body com-
position includes either measured or 
self-reported values for three vari-
ables: (1) weight, (2) height, and (3) 
waist girth. Measured values are pre-
ferred because it is known there is a 
tendency for weight to be underesti-
mated, and height to be overesti-
mated, for both sexes and across all 
adult age groups when self-reported.1 
Many people won’t know their waist 
girth measurement. Therefore, 
measuring the three anthropometry 
variables is recommended, and they 
can also be used to calculated 
values for body mass index (BMI) 
and waist-to-height ratio (WHtR). 

These simple measures as part of the 
APSS are designed to quickly gather 
information on the general extent 
and location of adiposity. It is recog-
nised that being overweight or obese 
per se may not present an extreme, 
high or acute risk when beginning 
or upgrading an exercise program. 
Risk stratification will depend on a 
combination of all risk factors and 
lifestyle behaviours.  
  
Notwithstanding, excess adipose tis-
sue is associated with a range of 
chronic diseases, especially if the 
excess body fat is in the abdominal 
region. Two of the most important 
diseases include heart disease and 
diabetes which make up about 10% 
of the total global burden of disease.  
 
Therefore, it is important to deter-
mine a client’s level of adiposity and 
whether it is predominantly located 
centrally. Body adiposity estimates 

Body composition  11

119

Kevin Norton PhD 
School of Health Sciences 
UNSW Sydney 
Alliance for Research in Exercise, Nutrition 
and Activity, University of South Australia 
 
 
Suggested citation: 
Norton K. Body composition. In: Norton K, 
Norton L, editors. Pre-exercise screening and 
risk factor assessment - guide to the Australian 
adult pre-exercise screening system. 2nd ed. 
Sydney: AUSactive and Sports Medicine Aus-
tralia; 2025, p. 119-126.

The risk of chronic diseases, such as 
heart disease and diabetes, increases 
if BMI ≥ 30 kg/m2 or waist girth is > 
94 cm for males or > 80 cm for fe-
males

Bo
dy

 co
mp

os
itio

n



can be performed using weight-to-
height indices (for example, BMI), or 
indices of abdominal obesity such 
as waist girth and WHtR. Waist-to-
hip ratio (WHR) can also be used as 
an indicator of abdominal obesity, 
although hip girth is not normally a 
routine measurement as part of 
Stage 2 of the APSS. Despite this, 
some cohort studies have found the 
waist-hip ratio to be a stronger pre-
dictor of all-cause mortality than 
either waist alone or BMI.9,10  
 
11.2 Which measure of adiposity 
best predicts risk of disease? 
 
Height and weight measures are 
used to determine BMI, which is the 
most commonly used metric to esti-
mate the level of fatness among 
populations. BMI is a weight-for-
height measure calculated as weight 
(kg)/height2 (m). There are standard 
BMI cut-offs to categorise people in 
terms of their risk for type 2 diabetes 
and cardiovascular diseases. The risk 
of chronic disease and mortality 
goes up in an accelerated way as 
BMI goes from overweight (BMI 25 – 
29.9) to obese (BMI >30) and 
beyond.  
 
BMI has been used throughout most 
of the world since the 1950’s to 
quantify population trends in fat-

ness. It has some obvious limitations 
for individual assessment since BMI 
alone does not capture the differen-
tial effects of adipose tissue from dif-
ferent parts of the body. 
Furthermore, body shape differences 
mean that people with the same 
BMI can vary widely in their body 
fat distribution and in the level of fat 
and muscle mass.13  However, it 
continues to be a useful index for 
population trends. It is also easy for 
self-report data to be collected on 
this measure, hence its widespread 
use, despite the potential problems.  
 
Many studies have found that over-
weight or obesity is associated with 
a wide range of elevated risk factors 
and an increase in death and dis-
ability rates. In particular, there are 
elevated rates of cardiovascular dis-
ease, metabolic syndrome, diabetes 
and some forms of cancers (for 
example, breast and bowel) that 
occur as fatness levels increase 
among the population.5,6,7 These as-
sociations are strongest when addi-
tional body fat is located in the 
abdominal region 7, and this is why 
waist girth, WHR and WHtR are 
commonly used metrics to quantify 
a person’s level of fatness.2,4,8  
 
There are several ways by which fat-
ness increases the risk for devel-
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oping disease. Among the most im-
portant is an overall reduction in in-
sulin sensitivity. Insulin is important 
to help glucose move out of the 
blood into cells. If glucose move-
ment is restricted because of insulin 
resistance (decreased sensitivity) 
then glucose levels increase in the 
blood which, in turn, promotes 
weight (fat) gain. 
 
In a cyclic fashion, increased blood 
glucose leads to the pancreas pro-
ducing even more insulin to try and 
reduce blood glucose levels. Event-
ually insulin secretion is very high 
and the concentration in the blood 
is elevated. Impaired insulin sensi-

tivity is related to type 2 diabetes, 
and the persistently high glucose 
levels can damage small blood 
vessels and nerves, especially in the 
eyes, kidneys and skin (see Chapter 
14). 
 
Increasing abdominal fatness ex-
acerbates insulin resistance and it 
also raises circulating fat levels in 
the blood. This can cause more glu-
cose, triglycerides and very low-
density lipoproteins to be secreted 
by the liver. Also, blood pressure 
can be raised because there is in-
creased stress hormone release. All 
these various changes in the body as 
a person becomes overweight and 
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Figure 11.1 The proportions of the Australian adult population split by age and sex 
who have a waist girth above the recommended threshold level. Proportions are 
shown for both males (left side) and females (right side). Data are from ABS, 2022.

!"# $%&"#
!"#$%

$&#'%

'&#%%

%&#&%

&&#(%

(&#)%

)&*

!"#$"%&'($)*%+

!!"#

$%"&

$&"&

&#

'(")

'*"#

'("(

)'"!

*%

$("*

&%")

&$"!

'("$

&&"'

!"#$#"%&#'(#)(*+,%"-.&-'(-/+.%,(0&%1(-(
23-,+"3/(0-&,%(4&"%1(#)(&'5"3-,3/("&,6
!"#$"%&'(")*+)"'$,)'(")(#*-.)/0)1"2)+,-./0/1%/2/34,-./0/"5/6,7

!

Bo
dy

 co
mp

os
itio

n



then obese can contribute to the de-
velopment and progression of heart 
disease and diabetes. The current 
proportion of Australian adults who 
have an increased risk of chronic 
disease due to a high waist girth is 
shown in Figure 11.1.16 

 

11.3 How common is high BMI 
as a risk factor? 
 
Based on BMI measures, overweight 
and obesity rates have been going 
up in most countries around the 
world.11 In the largest study ever 
undertaken on underweight and 
overweight (~222 million people), it 
was shown that there has been an 
acceleration in the proportion of the 
general population who are classi-
fied as overweight or obese across 
almost all age categories and most 
countries between 1990 and 2022.11  
 
Recent Australian data show stagger-
ing increases in BMI and waist girths 
from 1990 to 2022 in Australian 
adults.16,17 The increases in these in-
dices of fatness are illustrated in Fig-
ure 11.2. Also shown are changes in 
the proportion of the population 
above the respective threshold levels 
for BMI and waist girth over time. It 
is apparent that all age groups and 
both sexes now have average BMI 
levels in the overweight category, 
and all but one waist girth measures 

are above the cut-offs for increased 
risk of CVD.  
 
The combination of reduced manual 
labour and daily physical activity 
(PA), together with increased access 
and consumption of energy-dense 
foods, are involved in this global 
problem. The amount of energy typi-
cally expended at work is much less 
now thanks to automation and elec-
tronic communication compared to 
even a decade ago. In developed 
countries like Australia, we often try 
to increase the level of leisure-time 
energy expenditure via PA, but lei-
sure time activity levels have been 
relatively stable over several dec-
ades,12 so it is less likely this has 
contributed substantially to the rapid 
increases in obesity levels. Notwith-
standing, PA is an essential part of 
the solution because of the numer-
ous benefits to every physiological 
system - independent of weight loss. 
It is suggested that to achieve mean-
ingful weight loss without dietary 
change would require very high 
levels of physical activity of at least 
225–400 min/week although indi-
vidual weight loss can vary widely.18 

 

It seems paradoxical that while over-
weight and obesity levels have gone 
up, we have also witnessed steady 
increases in life expectancy. For 
example, in Australia there are less 
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heart disease and stroke episodes 
now than at any time over the past 
four decades. However, during the 
same period, the number of cases of 
diabetes has rapidly increased. It is 
estimated there are about 2 million 
people in Australia with diabetes or 
at high risk of developing it (see 
Chapter 14). 
 
The medical management of chronic 
disease has improved and may, in 
part, help explain the rise in both 
obesity and life expectancy. Many 

people are living longer periods of 
their life with chronic illness related 
to obesity as a risk factor. In addi-
tion, the management of obesity-re-
lated illnesses involves the growing 
reliance on medical interventions 
such as surgery and pharmacother-
apy (see Chapters 12-15). This is ex-
pensive since over 5 million 
Australians (31% of the adult popu-
lation) are obese (BMI > 30), and 
about 11 million Australians (or 
67%) are overweight or obese (BMI 
> 25).  
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Figure 11.2 The relationship between waist girth versus BMI is shown for both 
males (left side) and females (right side). The data are plotted as averages for each 
10-yr age increment. Age groups are indicated for the 1990 cohort only. Also 
shown are the waist girth and BMI thresholds for risk of chronic conditions (dotted 
lines). Data are from ABS, 2022 and NHF, 1991. 
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Anthropometry techniques for body measurements 

 

Correct techniques for measuring the anthropometry variables ensure clients can be re-
liably measured and tracked over time. The techniques are outlined below: 
 
- Height measurement 
The stretch stature method requires the subject to stand without shoes, with the feet to-
gether and the heels, buttocks and upper part of the back touching the height scale. The 
head is looking directly forward. Ask the client to “take a deep breath in and stretch tall, 
while keeping the feet on the ground”. It is useful to remember a person’s height can  
decrease by up to 1-2 cm during the day as the spine compresses due to gravity. 
 
- Waist measurement 
There are several, slightly different, methods described in the literature for measuring 
waist girth. However, it is recommended the same protocol is used for all clients and for 
repeat measures when tracking changes over time. A systematic review of 120 studies 
concluded that waist circumference measurement protocol per se had no substantial in-
fluence on the association between waist circumference, all-cause and CVD-specific 
mortality, and risk of CVD and diabetes, provided it was consistent.4  
 
The waist girth is measured with a stretch-resistant, flexible anthropometry tape. It is 
preferentially taken at the level of the narrowest point between the lower costal (rib) 
border, and the iliac crest (hip bone). However, many people do not have any obvious 
narrowing - in these cases the consensus is that the measurement is taken at the mid-
point between the two landmarks.2,3,15 The girth is measured perpendicular to the long 
axis of the trunk. 
 
The measurement is taken while the client assumes a relaxed standing position with the 
arms folded across their upper body. The measurer stands in front of the subject to cor-
rectly locate the narrowing of the waist. The measurement is taken at the end of a normal 
expiration.  
 
 
 
 
 
 
 
 
 

Figure 11.3 Technique and location for measuring waist girth3 
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12.1 Introduction 
 
Blood pressure (BP) is the pressure 
exerted by the blood on the arterial 
walls. BP is made up of two values 
and is typically expressed as sys-
tolic/diastolic (eg., 120/80 mmHg). 
Systolic blood pressure (SBP) repre-
sents the pressure exerted on the ar-
teries when the heart is in systole or 
contracting. Diastolic blood press-
ure (DBP) represents the pressure 
exerted when the heart is in dia-
stole, or relaxing. 
 
Blood pressure is relatively easy to 
measure and is an important 

measure for understanding some-
one’s health because it can be as-
sociated with several major diseases 
and medical conditions. Therefore, 
while Stage 1 and Stage 2 do not 
require direct BP measurements, if a 
practitioner has the time, equip-
ment, and expertise to conduct a BP 
assessment, this should be encour-
aged as part of Stage 2 of the APSS 
screening process. 
 
Knowing a person’s BP is useful for 
at least two reasons: (1) to decide as 
to whether it might be too high (or 
low) to begin exercise at that time, 
and (2) because of the strong link 
between high BP and heart disease 
and stroke. 
 
The question concerning BP is 
shown in Figure 12.1. It involves 
asking if a person is aware (that is, 
been told by a health professional) 
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they have high BP and, if so, are 
they currently taking BP medication. 
If BP is known or measured it can be 
written in the response fields.  
 
According to the 2022 National 
Health Survey, approximately one 
third of adult Australians have high 
BP.1 The pattern across age and sex 
categories is illustrated in Figure 
12.2 where the proportion of adults 
with high BP increases steadily with 
age. The prevalence of high BP in 
Australia has been reasonably stable 
for at least the last 15 years.2 This is 
likely attributable to improved de-
tection and treatment options, and 
greater use of antihypertensive 
medications.3 The pattern of preva-
lence is similar to that seen in other 
first-world countries.4  
 
Exercise professionals need to be 
aware that many people will not 
know their BP. For example, in the 

2022 National Health Survey, three 
in four (74.5%) adults with high 
measured BP did not report having 
hypertension. This suggests that 
many people with high measured 
BP either have not been diagnosed 
with hypertension by a health pro-
fessional, or have not reported it. 
Nine in ten (92.3%) people aged 
18–44 years with high measured 
blood pressure did not report having 
hypertension, compared to over half 
(54.0%) of people aged >75 years.5 
 
12.2 Chronic high blood pressure 
(hypertension) 
 
Persistently elevated blood pressure, 
or hypertension, is one of the key 
risk factors for other types of heart 
disease, stroke, dementia and kid-
ney disease.6 Hypertension can be 
grouped into two main categories: 
primary and secondary. Primary hy-
pertension, accounting for approxi-
mately 90% of cases, has no 
identifiable cause. Primary hyperten-
sion comes about as a result of com-
plex interactions between genetics, 
age, and lifestyle factors. Secondary 
hypertension is caused by an ident-
ifiable underlying condition(s) that 
affect the kidneys, arteries, or endo-
crine system.7   
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Figure 12.1 Blood pressure question in 
Stage 2 of the APSS. 



As people age, the elasticity of their 
arteries decreases, leading to stiffer 
blood vessels. This loss of elasticity 
means the arteries can’t accom-
modate blood flow as easily, leading 
to increased blood pressure. Hyper-
tension tends to be more common 
in men than women prior to early-
middle old age, largely due to differ-
ences in hormones and lifestyle 
factors. However, following meno-
pause, the risk of hypertension in-
creases in women, and they often 
catch up or surpass men in hyper-
tension prevalence due to hormonal 
changes and reduced cardiovascular 
protection from estrogen (Figure 
12.2). 
 
12.3 Classifying hypertension 
 
Classification of hypertension is cru-
cial because it helps healthcare pro-
fessionals assess the severity of high 
BP, guide treatment decisions, and 
predict potential health risks. Expert 

bodies like the Heart Foundation in 
Australia create these classification 
systems to standardise diagnosis, en-
sure evidence-based care, and im-
prove patient outcomes by 
promoting early intervention and 
appropriate management strategies. 
 
There are slight variations in the way 
hypertension is classified across the 
globe, as can be seen in Table 12.1. 
In Australia we should use the 
NHFA classification system. 
 
12.4 Effect of regular PA on BP 
 
It is well established that a combina-
tion of regular aerobic and resis-
tance exercise is beneficial for both 
the prevention and treatment of hy-
pertension.11,12 Historically, isomet-
ric exercise was thought to be 
unsafe for those with high BP. How-
ever, a recent systematic review and 
meta-analysis of 270 studies has 
demonstrated that moderate-level 
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Table 12.1 Classification of BP levels in adults according to the National Heart 
Foundation of Australia (NHFA)8, European College of Cardiology, European Society 
of Hypertension (ESH)9, and the American Heart Foundation / American College of 
Cardiology (AHA/ACC)10 



isometric exercise is both safe and 
effective for lowering BP.13 ,14 
 
Exercise positively impacts hyperten-
sion through several mechanisms, 
such as: 
-  Improving the heart’s ability to 
pump more efficiently. This de-
creases the amount of force on the 
blood vessels 
 
-  Reducing the production of stress 
hormones. When hormones like ad-
renaline and cortisol are high, they 
can cause blood vessels to become 
narrow and stiff 

-  Increasing the elasticity in the 
blood vessels, making them more 
adaptive to changes in blood flow 
 
-  Decreasing the overall sympath-
etic activity in the body, which in 
turn reduces the ‘fight or flight’ re-
sponse which can cause high blood 
pressure 
 
-  Enhancing the sensitivity of ba-
roreceptors (stretch receptors that 
sense blood pressure), making blood 
pressure regulation easier. 
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Figure 12.2 Proportion of each age group with a measured SBP > 140 mmHg and/or 
DBP > 90 mmHg. Based on data from the Australian Health Survey in 2022 (whether 
or not they were taking blood pressure medication).5



In summary, the evidence demon-
strates that diverse forms of exercise 
not only improve cardiovascular 
function but also enhance vascular 
health, reinforcing the role of exer-
cise as an essential component in 
the treatment and prevention of hy-
pertension. 
 
 
12.5 Acute BP responses during 
and post-exercise 
 
Measurement of BP as part of the 
pre-exercise screening process is 
recommended where possible. It is 
also recommended as part of rou-
tine, pre-exercise objective assess-
ment for clinical exercise services.15 
Exercise stress testing with electro-
cardiogram and BP monitoring can 
be performed to assess cardiovascu-
lar risk but this requires advanced 
training such as clinical exercise 
physiology. Typically, BP is a stan-
dard measurement taken at rest prior 
to commencing exercise. It is also 
measured during an incremental 
aerobic exercise test at each work-
load, as well as immediately post 
exercise and during the recovery 
period.  
 
These types of tests show a healthy 
response to exercise whereby SBP 
typically rises in a stepwise manner 

in accordance with the increases in 
workload, and DBP remains the 
same or may decrease slightly.16 This 
enables the cardiovascular system to 
meet the active muscles increasing 
demand for blood and oxygen de-
livery.  
 
A normal response to an acute exer-
cise session is a progressive decline 
in BP during the post-exercise 
period in both people with and 
without hypertension.15 The lower 
BP levels after exercise, compared to 
the BP level measured before exer-
cise, is known as post-exercise hy-
potension. This pattern occurs in 
most individuals and can remain 
this way for up to several hours fol-
lowing an exercise session.17,18,19 
Figure 12.3 has been generated to il-
lustrate this phenomenon.   
 
A meta-analysis of 65 studies con-
cluded that post-exercise hypoten-
sion resulted in an average 
reduction of approximately -5 
mmHg in SBP and -3 mmHg DBP 
depending on the type and duration 
of exercise as summarised in Figure 
12.3.18  
 
This is significant because epidemi-
ological studies indicate that a de-
crease of 5 mmHg in SBP is 
associated with reduced mortality 
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Figure 12.3 The top panel summarises the results of ambulatory BP recordings for 21 
hypertensive adults who were recorded for 24 hours under control conditions (no 
exercise) and following a 50-minute moderate-intensity aerobic exercise bout.17 The 
differences between conditions lasted 11 hours for SBP and 5 hours for DBP. The 
bottom panel shows the results of a meta-analysis to determine average differences 
in BP following different types of exercise.18 The results showed all exercise types re-
sulted in significant decreases in BP, with the largest benefit following jogging or 
other whole-body aerobic activity.



due to stroke by 14% and CHD by 
9%, respectively.2 Overall, the post-
exercise BP benefits were found to 
be more pronounced in active indi-
viduals and after jogging compared 
to resistance training. Walking did 
not reduce DBP, and exercise bouts 
of longer duration resulted in a 
greater SBP benefit. 
 
It is thought adaptation of the arter-
ial wall in healthy individuals, re-
sulting in improved blood vessel 
compliance, decreases blood flow 
resistance following an exercise 
session and thereby drops BP. How-
ever, it was less pronounced in older 
people, possibly due to stiffer vessel 
walls from progressive destruction of 
the elastic fibres and increased arte-
riolar wall thickness. 
 
12.6 Risk in relation to abnormal 
blood pressure response to exercise 
 
There is ample evidence showing 
that an abnormal BP response to ex-
ercise can predict, and is related to, 
adverse cardiovascular events 20-23 as 
well as being a predictor of future 
hypertension.20,24 A large meta-
analysis completed in 2013 reported 
that high exercise BP, during or after 
moderate exercise, increased the 
risk of an adverse cardio- or cer-

ebrovascular outcome by 36%.21 
Furthermore, this same analysis re-
ported that for each 10 mmHg in-
crease in SBP above baseline during 
exercise at a moderate intensity, 
there was a 4% increase in cardio-
vascular events and mortality inde-
pendent of age or other 
cardiovascular risk factors.21  
 
 
With exercise tests being completed 
daily around the world it is impor-
tant for exercise physiologists and 
other exercise professionals to 
understand the preventative impor-
tance of measuring BP before, dur-
ing and after exercise, along with its 
potential to predict the onset of fu-
ture hypertension. In addition to the 
increased risk of heart attacks or 
stroke, exercising at high BP also in-
creases the risk of rupturing a blood 
vessel. If a client has an abnormal 
response to exercise during a testing 
or training session, or their resting 
BP is too high to safely exercise, ex-
ercise should not continue, and the 
client should be advised to visit their 
general practitioner as medical ther-
apy may be warranted or need to be 
adjusted. Figure 12.4 has been gen-
erated to show the decision pathway 
for clients based on their BP 
measures, both prior to and during 
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exercise sessions. This flow chart 
aligns with the ESSA position state-
ment on exercise and hyperten-
sion.25 
 

12.7 Potential signs of an adverse 
blood pressure response to exercise 
 
Dizziness, light-headedness or faint-
ing, chest pain or tightness, difficulty 
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Figure 12.4 Criteria for abnormal BP response and exercise. The management of re-
sponses and measurements associated with the APSS question on high blood pressure. 
The figure is based on the ESSA Position Statement on Exercise and Hypertension.25



breathing or unusual shortness of 
breath, or an irregular heartbeat are 
all signs of an abnormal response to 
exercise. Regular monitoring of BP, 
before, during each workload stage 
(during an exercise test), and after 
exercise will help detect any abnor-
mal responses. However, if the 
client shows any of these signs, then 
appropriate first aid should be ap-
plied. Furthermore, if any of these 
signs do occur, and these are ac-
companied by a measured abnormal 
response, the client should be re-
ferred to their general practitioner 
for review, as it could indicate an 
underlying cardiovascular condition.  
 
12.8 Conclusion 
 
Understanding BP responses to exer-
cise is essential for exercise profes-
sionals to ensure safe and effective 
client management. Given the high 
prevalence of undiagnosed hyper-
tension, routine BP assessment 
should be encouraged as part of pre-
exercise screening, where possible. 
Regular exercise is a powerful tool 
for both preventing and managing 
hypertension, with clear benefits for 
cardiovascular health. However, 
professionals must remain vigilant 
for abnormal BP responses during 
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exercise, as these can indicate 
underlying cardiovascular risk. By 
integrating BP monitoring into prac-
tice and adhering to evidence-based 
guidelines, exercise professionals 
can play a critical role in improving 
health outcomes and reducing car-
diovascular disease risk in their 
clients. 
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13.1 Introduction 
 
Question 13 of the APSS asks:  
 
Have you been told that you have 
high cholesterol/ blood lipids?  
 
This is a YES/NO question. You are 
not required to measure the client’s 
blood cholesterol, but if you have 
point-of-care testing equipment and 
expertise, it is recommended. Blood 
assessment for lipid analysis is to be 
undertaken by a suitably qualified 
professional using standard blood 
sampling techniques.1  
 

Cholesterol is an essential lipid car-
ried in the blood. Most of the cho-
lesterol in our body is made in the 
liver, and smaller (but important) 
amounts come from the food we 
eat.  
 
As a chemical substance it can be 
classified as a type of steroid lipid 
because one of its main functions is 
to be the chemical ‘backbone’ or 
precursor in the production of ste-
roid hormones such as testosterone, 
estrogen, and cortisol. 
 
After we consume a meal containing 
cholesterol, the cholesterol from the 
gut is transported to the blood via 
the lymphatic system as part of large 
chylomicrons. This is just a collec-
tion of cholesterol/fat surrounded by 
proteins to enable movement 
through fluid and is called a lipopro-
tein. Lipoproteins range in size from 

High cholesterol 
or blood lipids  13
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large chylomicrons to smaller, very 
low-density lipoprotein (VLDL), low-
density lipoprotein (LDL), and fi-
nally, the smallest, high-density 
lipoprotein (HDL) which contains a 
high proportion of protein. Chylo-
microns get progressively smaller 
along their journey because they de-
liver fats (mostly triglycerides) to 
muscle and adipose tissue for fuel. 
In the end, the remnants of the chy-
lomicrons, mostly cholesterol, end 
up in the liver which then processes 
the cholesterol ready for other func-
tions, including the production of 
LDL, HDL (in the liver) and steroid 
hormones (in other organs).  
 

All cells in the body need choleste-
rol. It makes up part of cell walls in 
our tissues which are important for 
mediating and cell signalling, as 
well as in membrane fluidity. Cho-
lesterol also helps maintain healthy 
nerve cells, is a component of the 
bile acids that help digest fats in the 
gut, and is critical in the synthesis of 
vitamin D. 
 
LDL cholesterol, in excess, is de-
posited on the walls of blood vessels 
and eventually within the cellular 
structure of arteries resulting in athe-
rosclerosis (plaque build-up inside 
artery walls) and arteriosclerosis 
(thickening, hardening, and loss of 
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Table 13.1 Lipid definitions for the commonly measured lipid variables in exercise 
and health-enhancement programs. 



elasticity of artery walls). It is the 
concentration of LDL cholesterol 
that has been most highly correlated 
with increased risk of cardiovascular 
disease (CVD).  
 
Conversely, higher HDL cholesterol 
has been shown to be consistently 
and strongly associated with CVD 
risk reduction. HDL facilitates a pro-
cess known as reverse cholesterol 
transport whereby cholesterol in pe-
ripheral tissues is taken up by HDL 
and ultimately returned to the liver 
for excretion in bile and faeces. 
HDL has also been shown to have 
antiatherogenic properties which 
protect the artery wall. They include 
stimulation of anti-inflammatory, 
antioxidant and anti-clotting activity. 
 
Importantly, elevated LDL and re-
duced HDL levels are also recogni-
sed as risk factors for sarcopenia 
(loss of muscle mass and strength) 
through various mechanisms related 
to oxidative stress, impaired mito-
chondrial function, inflammation, 
and insulin resistance.12, Therefore, 
maintaining adequate skeletal 
muscle mass with age may help alter 
specific lipid levels related to hyper-
lipidemia and development of cardi-
ometabolic disease.12,13  
 
Blood cholesterol is a known CVD 

risk factor that is regularly measured 
when blood analysis is performed. It 
is relatively inexpensive and point-
of-care devices mean it can be done 
in about 60 seconds using approxi-
mately 30 μl or less of fingertip 
blood. Many modern devices are 
also able to provide results for lipid 
sub-fractions such as LDL and HDL 
and can also measure triglyceride 
levels.1 Total cholesterol is a 
measure of all the sub-fractions of li-
poproteins in the blood. 
 
Factors that affect blood cholesterol 
and lipid sub-fraction levels include 
exercise patterns, dietary habits, 
genetics, body composition and 
muscle mass, and body fat distribu-
tion. 
 
13.2 Prevalence of high  
cholesterol 
 
In Australia about 50% of all adults 
have measured high total cholesterol 
>5.5 mmol/L or are taking medi-
cations to lower cholesterol. Total 
cholesterol generally increases with 
age up to about 60 years of age. 
Average values then level off, in 
large part because deaths due to 
CVD that are often associated with 
higher cholesterol levels, increase 
rapidly. A 10% increase in total cho-
lesterol (about 0.6 mmol/l) is associ-
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ated with a 27% increase in the 
incidence of coronary heart disease 
and a 10% increase in stroke. 
 
The World Health Organisation 
(WHO) estimate that, globally, 56% 
of heart disease and 18% of (mostly 

nonfatal) stroke events are attribu-
table to elevated total cholesterol 
levels.2 Since cholesterol levels 
above about 5 mmol/L are strongly 
correlated with increased risk of car-
diovascular disease, it has prompted 
the establishment of threshold levels 
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Figure 13.1 Risk factor thresholds for total cholesterol and lipid sub-fractions.



for risk (Figure 13.1). Over the years 
major authorities have lowered the 
total cholesterol thresholds for risk 
of CVD from 6.2 mmol/L to 5.0 
mmol/L (APSS currently uses 5.2 
mmol/L). Figure 13.1 illustrates these 
trends in total cholesterol and also 
in some of the lipid sub-fractions. 
For example, HDL went up from 0.9 
to 1.0 mmol/L, as the benefit of hav-
ing higher HDL became firmly es-
tablished.  
 
Clinically, many professional organ-
isations, including the Australian 
Medical Association, American 
Heart Association and American 
College of Cardiology8, are moving 
away from strict cut-offs in lipids to 
define risk. Rather, they are advoca-
ting using estimated absolute risk al-
gorithms for CVD events to 
determine clinical treatment ap-
proaches.3,4 Notwithstanding, the 
current lipoprotein thresholds used 
in screening systems when deter-
mining individual risk factors and 
for tracking risk, are shown in Figure 
13.1. 
 
13.3 Reducing blood lipids  
 
What should I do to reduce my 
blood lipids?  
 
• Maintain a healthy body weight 

and composition through a balance 
in energy intake and physical activ-
ity. Physical activity not only re-
duces LDL-cholesterol, but also 
keeps HDL-cholesterol levels higher. 
A systematic review has found exer-
cise interventions resulted in modest 
but significant improvements of 3.5 
– 11.7% in all lipid sub-fraction 
levels.7 These typical changes in 
lipid profiles have been estimated to 
reduce cardiovascular disease risk 
by about 5% - 10%. 
 
• Consume less saturated fat be-
cause saturated fat raises both LDL-
cholesterol and triglyceride levels.9  
 
• Consume more soluble fibre (eg, 
oats, barley, legumes, some fruits 
and vegetables) and soy products 
that can help lower cholesterol 
levels. An umbrella review for CVD 
and dietary factors showed higher 
intake of unsaturated fats, legumes, 
nuts, vegetables and chocolate, sig-
nificantly reduced the risk of CHD. 
Figure 13.2 list some common food 
types that have high/low cholesterol 
and high/low fat levels.5 
 
• If high blood lipid levels persist a 
doctor may prescribe medication to 
help lower cholesterol levels. Ap-
proximately 10% of Australians are 
taking statin medication to help re-
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Figure 13.2 Cholesterol and fat levels in some common foods. For most people, dietary 
cholesterol in food only has a low-modest impact on LDL cholesterol levels in the 
blood. Saturated fats in the diet raises LDL cholesterol production by the liver. Healthy 
fats, such as unsaturated fats, help regulate cholesterol through reducing LDL  
cholesterol and increasing production of HDL cholesterol. 

duce cholesterol levels. An umbrella 
review of 76 systematic reviews on 
statins and CVD found strong evi-
dence for statins in reducing major 
adverse cardiovascular events, car-
diovascular mortality, and all-cause 
mortality.6 

• People on medication to help 
lower their cholesterol level should 
still be encouraged to continue with 
healthy eating and physical activity 
behaviours.  
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• For some people a family history 
of hypercholesterolemia may mean 
it is challenging to reduce lipid 
levels. Familial hypercholesterole-
mia is a genetic disorder of lipid me-
tabolism that results in elevated LDL 
levels (>10 mmol/L) and premature 
atherosclerosis. Treatment with lipid-
lowering medication often begins in 
childhood and is usually successful 
in reducing LDL. When untreated, 
there is about a 90-fold increase in 
atherosclerotic cardiovascular dis-
ease (ASCVD) in young adults rein-
forcing the strong connection 
between lipids and diseases of the 
cardiovascular system.10,11  
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14.1 Introduction 
 
The regulation of blood glucose 
(sugar) levels (BGLs) is one of the 
most important homeostatic features 
for survival. This is because devi-
ations of glucose concentration out-
side a narrow range can be 
life-threatening. Brain, and particu-
larly neurons, are the most sensitive 
tissues to low blood glucose levels 
or hypoglycemia (hypo). Glucose 
needs to be in constant supply since 
it is the brain’s primary source of 
energy to maintain ion gradients 
across membranes, and nerves do 
not store significant levels of fats 
and carbohydrates for fuel. 

Conversely, hyperglycaemia, or 
elevated blood glucose, can lead to 
diabetes whereby people have dif-
ficulty maintaining a stable blood 
glucose range. Chronic hyperglycae-
mia can cause blood vessel stiff-
ening and inflammatory processes 
that lead to atherosclerosis. Im-
paired fasting glucose and impaired 
glucose tolerance are often labelled 
as prediabetes and are associated 
with increased risk of all-cause mor-
tality.1 Type 2 diabetes (T2D) is the 
most common type of diabetes, 
characterised by chronic hypergly-
caemia and insulin resistance. Type 
1 diabetes (T1D) is an autoimmune 
disease where pancreatic beta-cells 
destruction leads to exogenous insu-
lin dependency. Gestational dia-
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If a person has been told they have 
high blood glucose (or sugar), or if 
they have a measured fasting glucose 
level of 5.5 mmol/L or greater, they 
are at increased risk for developing 
diabetes and other chronic con-
ditions. If a person has difficulty con-
trolling their blood glucose, further 
assessment and risk mitigation strat-
egies are required to ensure safe and 
effective exercise testing and pro-
gramming.
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betes occurs during pregnancy due 
to placental hormones blocking the 
action of the mother's insulin (insu-
lin resistance). 
 
The International Diabetes Feder-
ation estimates 537 million people 
globally have diabetes (including 
T1D, T2D, gestational diabetes and 
other less common types).2 Approxi-
mately 1.3 million Australians are 
known to be living with T2D, and 
134,000 with T1D, respectively. 
There is an increased prevalence in 
males who are 1.3 times more likely 
to have diabetes compared to fe-
males.3 In Australia, diabetes is the 
7th leading cause of death with an 
estimated attributed annual health 
system expenditure of $3.4 billion.3 
T2D alone is the 11th leading cause 
of disease burden with 4.7 disabil-
ity-adjusted life years (DALYs) per 
1,000 population.3 It is estimated 
many Australians are living with un-
diagnosed diabetes and over 
400,000 are at risk of developing 
T2D.3 
 
14.2 Risk factors 
 
Several modifiable risk factors are 
associated with diabetes. These in-
clude impaired glucose regulation, 
high blood pressure, dyslipidaemia, 
overweight/obesity, elevated waist 

circumference, physical inactivity, 
unhealthy diet and smoking. For 
example, sarcopenia is a strong pre-

dictor of recent‐onset diabetes in 

those aged ≥75 yr supporting the 
importance of maintaining lean 
body mass among older adults. In 
those aged 45–64 yr, the most sig-
nificant predictors are related to ab-
dominal obesity, high triglycerides, 
and low HDL cholesterol.15 
 
Non-modifiable risk factors for T2D 
include ageing (>40 years), family 
history, family background Aborig-
inal and Torres Strait Islander, Pacific 
Islander, South-East Asian, Asian 
(sub-continent), Arabic or north Afri-
can, polycystic ovarian syndrome 
and gestational diabetes. For 
example, Indigenous Australians are 
three-times more likely to have dia-
betes than non-Indigenous Austra-
lians, and Indigenous women are 
almost twice as likely to develop 
gestational diabetes as non-Indigen-
ous women. There is also evidence 
that Indigenous children are eight-
times more likely to develop T2D 
than their non-Indigenous peers.16 
 
14.3 Benefits of physical activity 
and exercise for pre-diabetes and 
diabetes 
Lifestyle interventions including 
physical activity and exercise can 
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contribute to the prevention and 
management of pre-diabetes and 
diabetes through improved cardiore-
spiratory fitness, muscular mass and 
strength gains, glycaemic control, 
and insulin sensitivity.4 A recent re-
view of over 400 studies found the 
efficacy of exercise appears to be su-
perior to metformin in prediabetes 
highlighting early exercise interven-
tion to prevent disease progres-
sion.17 
 
While exercise is typically associ-
ated with an acute decrease in 
blood glucose levels (BGLs), individ-
ual variability in blood glucose re-
sponse to exercise should be 
considered, particularly for those 
with T1D. Typically, aerobic exercise 
decreases glycaemia, anaerobic ex-
ercise increases glycaemia while 
combined exercise is associated 
with glucose stability.5 

Exercise guidelines for pre-diabetes, 
T1D and T2D call for 150–300 min-
utes per week of moderate intensity 
activity or 75–150 minutes of vigor-
ous intensity activity.5-7 Aerobic 
training (AT) is recommended 3–7 
days per week and resistance train-
ing 2–3 non-consecutive days per 
week, with no more than 2 consecu-
tive days between exercise bouts to 
optimise insulin sensitivity.6  
 
Balance training and flexibility train-
ing are also indicated, particularly 
for older adults with diabetes.6 This 
is because joint mobility limitations 
may be accelerated with hypergly-
caemia and flexibility exercises have 
been shown to improve joint range 
of motion in people with T2D, while 
balance training can reduce risk of 
falls.6 Progressive resistance training 
(PRT), high-intensity interval training 
(HIIT) and strategies to reduce sed-
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entary time have been identified as 
safe and effective for this popu-
lation.7 Resistance training is par-
ticularly important for people with 
diabetes because it improves skel-
etal muscle insulin sensitivity, 
strength, lean mass, bone mineral 
density, blood pressure and blood li-
pids.6 

 
Ideally exercise interventions should 
include combined AT and PRT 
which can lead to glycated haemo-
globin (HbA1c ; where glucose and 
haemoglobin are bound together) 
reductions between 0.39-0.71%.8,9 
A 1% reduction in HbA1c is associ-
ated with an estimated 14% de-
crease in all-cause mortality 10, 
15-20% decrease in major cardio-
vascular events 11 and a 37% reduc-
tion in microvascular 
complications.10 
 
14.4 Diagnosis 
 
BGLs are used in the diagnosis of 
pre-diabetes and diabetes (Table 
14.1). Additionally, HbA1c  provides 
an average of blood glucose control 
over the last 3 months, as this is the 
average life span of a red blood cell. 
For both T1D and T2D, target fasting 
and 2-hour postprandial BGLs are 
4.0-7.0 mmol/L and 5.0-10.0 
mmol/L, respectively.12 Note that 

normoglycaemia ranges vary slightly 
among professional guidelines with 
lifestyle intervention including exer-
cise and BGL monitoring recom-
mended for fasting BGL ranges 
above 5.6 mmol/L. The 5.5 mmol/L 
threshold in the APSS is indicative of 
a risk factor for developing diabetes, 
not confirmation of diabetes. 
 
14.5 Exercise considerations and 
contraindications 
 
The body’s ability to tightly regulate 
BGLs is critical for healthy function-
ing. While exercise is an essential 
part of this process, it can present 
acute challenges for glucose homeo-
stasis. Therefore, for people with 
diabetes, it is recommended that ex-
ercise assessment, programming and 
delivery is performed by qualified 
and experienced professionals such 
as accredited exercise physiologists 
prior to exercise. This is to ensure 
BGLs, and diabetes-related compli-
cations that may call for modified 
exercise intervention, are identified 
and managed.4 Point-of-care testing, 
involving measurement of fasting 
(no food or drinks other than water 
for at least 8 hours), and/or random 
BGLs allows simple and accurate 
measures using fingertip blood 
samples. This is especially useful 
when a person begins or modifies 
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their exercise program, or they have 
a significant change in their health 
status. Measuring blood glucose 
under standardised conditions such 
as fasting and reviewing self-moni-
tored BGLs can help with glycaemic 
control and tracking progress over 
time.  
 
However, from an acute risk per-
spective, measuring current BGLs 
can inform the exercise professional 
as to the status of the person’s read-
iness to exercise. Continuous BGL 
monitoring during and post exercise 
provides objective information re-
garding the person’s BGL control. 
 
Even for individuals commencing 
exercise in a normoglycemic range, 
BGLs can go up or down due to a 
variety of factors including mis-
matches among meals, medication 
and exercise. BGL monitoring dur-
ing and post exercise should be in-
dividualised to the person and their 
exercise program. For example, BGL 
monitoring every 15 minutes may be 
indicated to avoid adverse gly-
caemic response for those in the 
early phases of commencing a pro-
gram, or for people having dif-
ficulties with glucose control.  
 
As BGLs can reduce post exercise, 
individuals may also be advised to 

monitor their BGLs more closely for 
several hours following an acute 
bout of exercise to avoid hypogly-
caemic or hyperglycaemic episodes. 
Knowing these BGLs can assist in 
exercise prescription, for example, 
by adjusting the duration or intensity 
of the exercise, or by recommending 
a carbohydrate snack before or dur-
ing the activity. 
 
4.6 Hypoglycaemia and  
hyperglycaemia 
 
The management of individuals pre-
exercise and during exercise is sum-
marised in Table 14.2.  
 
Hypoglycaemia occurs when BGLs 
lower, typically < 4.0 mmol/L, and is 
characterised by symptoms of light 
headedness, dizziness, weakness, 
sweating, and hunger. More severe 
symptoms of hypoglycaemia, when 
the brain’s glucose supply is re-
duced, may include headache, mal-
aise, irritability and confusion, and if 
untreated could lead to a diabetic 
coma.  
 
For example, if a person has dif-
ficulty controlling their BGL and 
their level is low, exercise can lower 
blood glucose even further leading 
to hypoglycaemia during or after ex-
ercise. In cases of mild hypos (BGLs 
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2.9-3.9 mmol/L and self-managed), 
ensure increased monitoring around 
exercise as the risk of hypoglycae-
mia may be increased over the next 
24 hours. For severe hypos (BGLs 
≤2.8 mmol/L or hypoglycaemic 
event requiring treatment support), 
exercise is contraindicated for 24 
hours.5,18 Treatment of hypoglycae-
mia can include ingesting 10-20g of 
glucose (e.g. glucose tablet 10-20g 
or juice/soft drink 100 - 200mL), fol-
lowed by food with slower acting 
carbohydrate such as a sandwich or 
piece of fruit.13 There should be a re-
test of the BGL after 10-15 minutes. 
If the BGL has not returned to nor-
mal, then repeat the fast-acting glu-

cose consumption as outlined 
above. If the BGL has not increased 
over the next 20-30 minutes, or the 
person becomes drowsy, unable to 
swallow, or unconscious, then seek 
emergency medical attention by cal-
ling 000. Emergency hypo treatment 
with glucagon, a hormone that 
quickly raises BGLs, may be pre-
scribed to individuals who have dif-
ficulty managing hypoglycaemia.  
People who report having difficulty 
controlling their blood glucose 
levels should avoid strenuous exer-
cise in higher risk environments (e.g. 
skiing, rock climbing, swimming, 
solo hiking), where hypoglycaemia 
management may not be easily im-
plemented. 
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On the other hand, if the fasting 
BGL is too high before exercise, it 
may indicate hyperglycaemia. Hy-
perglycaemia is associated with 
BGLs above 14 mmol/L. It often in-
volves symptoms including exces-
sive thirst, lethargy, blurred vision 
and polyuria. Exercise typically 
helps lower blood glucose. How-
ever, if pre-exercise BGLs are high, 
this can further elevate during exer-
cise due to the liver releasing more 
glucose which is not matched by 
muscle uptake because of insulin re-
sistance. This can lead to dangerous 
complications like diabetic ketoaci-
dosis, especially if ketone levels are 
high. People with T1D should moni-
tor for ketones when BGLs are elev-
ated or on sick days and seek 
medical attention if ketones are >3 
mmol/L.  
  
14.7 Medications 
 
People with diabetes who are taking 
insulin (or other medications such as 
sulfonylureas, glucagon-like peptide 
1 receptor agonists or sodium-glu-
cose cotransporter 2 inhibitors 
which all work to reduce blood glu-
cose), are at a higher risk of hypo-
glycaemia. As such, they should 
carry rapid-acting carbohydrate dur-
ing exercise and have glucagon 

available to treat severe hypoglycae-
mia.6 Some people, such as those 
who have had diabetes for a long 
time and those taking β-blockers, 
may also be at risk of hypoglycae-
mia unawareness. This is where they 
do not experience the typical symp-
toms of a hypo episode and there-
fore require additional BGL 
monitoring to ensure safety during 
exercise. 
 
14.8 Secondary complications 
 
Chronic hyperglycaemic can con-
tribute to inflammation and often ir-
reversible damage to the body’s 
vascular and nervous system. These 
co-morbidities will often carry their 
own set of exercise considerations, 
contraindications and guidelines.6,14  
 
Exercise professionals must also 
manage secondary macro and 
microvascular complications of dia-
betes including cardiovascular dis-
eases (eg. coronary artery disease, 
stroke, peripheral artery disease), 
nerve disease (eg. peripheral neuro-
pathy, autonomic neuropathy), eye 
disease (eg. retinopathy) and kidney 
disease (eg. microalbuminuria, 
nephropathy). 
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14.9 Conclusion 
 
Poor glucose control is of increasing 
concern in the population. Due to 
its prevalence, it is likely exercise 
professionals will often support indi-
viduals with pre-diabetes and dia-
betes with their exercise journey. 
These are common conditions with 
increasing prevalence currently af-
fecting over 5% the Australian popu-
lation. Guidelines for the prevention 
and management of diabetes recog-
nises the importance of physical ac-
tivity and exercise interventions. 
Exercise not only improves gly-
caemic control, lowering BGLs, 
HbA1c and improving insulin sensi-
tivity, it also helps people with hy-
perglycaemia to improve 
cardiometabolic health and fitness.  
 
While exercise is typically safe and 
effective in this population, individ-
ualised exercise assessment and pro-
gramming is recommended. For 
some, exercise can create further 
difficulties in controlling their glu-
cose levels. In this cohort, closer 
management strategies may be 
required including a more gradual 
exercise progression with regular 
glucose monitoring to ensure a 
beneficial effect of exercise. 
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15.1 Introduction 
 
Taking prescribed medications is 
very common for adult Australians. 
In fact, information about medi-
cations dispensed through the Phar-
maceutical Benefits Scheme from 
the National Health Survey (NHS) 
shows that 68.6% of adult Austra-
lians were dispensed at least one 
PBS medication in the 6 months be-
fore their NHS interview in 2022.1 It 
is even higher for people with 
chronic conditions.  
 
Therefore, asking the question ‘Are 
you currently taking prescribed 
medication(s) for any condition(s)?’ 

is very likely to result in a positive 
response about medication use. If a 
person is taking prescribed medi-
cation(s) a follow-up question is 
typically ‘What is the medical con-
dition?’. Numerous medications are 
available, for an extensive array of 
conditions. However, exercise pro-
fessionals are not expected to have 
an exhaustive understanding of 
medications. Nonetheless, asking 
about medication use and underly-
ing medical conditions during the 
pre-exercise screening process is im-
portant for several reasons includ-
ing: 
 
• To determine if a person might 
present an increased acute risk for 
an adverse event  
• To determine if a person needs to 
be referred on for further specialised 
advice 
• To provide a basis for further ques-
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Is the person currently taking pre-
scribed medication(s) for any con-
dition(s)? This information is important 
since it helps understand underlying 
medical problems and can help guide 
optimal exercise prescription.
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tioning to help in the design of an 
individual’s exercise program. 
 
Exercise professionals should be 
broadly familiar with several types 
of commonly prescribed medi-
cations and the associated underly-
ing medical problems. This chapter 
focuses on frequently encountered 
prescribed medications.  
 
The chapter discusses what the 
medications are and how they oper-
ate in basic terminology. There is an 
emphasis on what impact the medi-
cation type could have on safety, 
risk of adverse events, and tips when 
monitoring exercise.  
 
15.2 Pre-exercise assessment 
 
Individuals may be prescribed or 
recommended medication to treat 
short term or acute symptoms, or to 
treat long term, more stable symp-
toms. Individuals may also be pre-
scribed medication to prevent a 
disease or condition from devel-
oping or progressing. In addition to 
asking people why they are taking 
medication, there are other specific 
questions which may assist with 
your assessment. Several examples 
are listed below: 
 
 
 

Possible questions to ask: 
 
Have you had any recent changes to 
your medication? 
Newly started medication, or dose 
adjustments, may have altered the 
risk from the baseline risk assess-
ment during an initial review.  
 
Have you taken your regular medi-
cation as normal today? 
If an individual has not taken their 
regular medication this may change 
the risk from their baseline risk. 
 
Do you have any ‘when needed’ 
medication with you today? For 
example, symptom relief medication 
for asthma or angina in case of an 
acute episode. 
 
15.3 Monitoring medication  
effect 
 
If an individual has been asked to 
self-monitor either for medication 
effect (efficacy) or for side effects, 
this information may provide you 
additional information for risk as-
sessment. Not all people are 
required to self-monitor for symp-
toms especially if there is limited 
value. For example, if the results will 
not change management strategies, 
and/or they are stable, it may make 

158

Me
dic

ati
on

s



self-monitoring unnecessary. 
In some cases, self-monitoring can 
make people feel more anxious 3 
and this may be reflected in some 
baseline measures such as heart rate 
(HR) or blood pressure (BP).  
 
15.4 Medications 
 
Many people will not be able to re-
call specific medication names but 
are likely to understand the medi-
cation conditions for which these 
have been prescribed. The tables in 
the following section are grouped 
according to common medical con-
ditions:  
 
1. Blood pressure-lowering medi-
cation (Antihypertensives) 
 
2. Blood thinning medication (Anti-
platelets and Anticoagulants) 
 
3. Heart rate or rhythm control 
medication (Antiarrhythmics) 
 
4. Asthma or chronic obstructive 
pulmonary disease symptom re-
lievers (Bronchodilators) 
 
5. Blood sugar-lowering medication 
(Hypoglycaemics) 
 
 
 

Blood pressure-lowering medi-
cation (Antihypertensives) Refer to 
Table 15.1 
 
Exercising, especially intense exer-
cise, is known to acutely elevate BP 
in healthy people. Aerobic exercise 
typically elevates BP, and resistance 
or strength training where there is 
often breath-holding or straining, 
can raise BP even further. Systolic 
blood pressure in excess of 300 
mmHg is not uncommon in those 
accustomed to lifting heavy 
weights.4 However, problems can 
arise when those who are untrained 
or have chronic health conditions 
begin exercise programs or upgrade 
their programs. Poor regulation of 
BP is one of the most common 
causes of acute adverse events such 
as feeling sick or fainting, or can be 
an indication of more serious prob-
lems. These potential issues are im-
portant to consider in clients who 
are taking medications to control BP. 
 
Blood pressure-lowering medi-
cations are used to reduce high BP 
(hypertension) which has been 
shown to reduce the risk of cardio-
vascular morbidity and mortality.2 
Blood pressure-lowering medication 
can be prescribed as one active 
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Table 15.1 Blood pressure-lowering medications.2
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medication or in a tablet which con-
tains a combination of active medi-
cations, for example drugs that can 
help excrete extra fluids.  
 
People may be taking antihyperten-
sives for other cardiovascular or 
non-cardiovascular indications. For 
example, beta-blockers and loop di-
uretics are often prescribed for heart 
failure rather than for high BP.  
 
Blood pressure-lowering medication 
can cause excessive hypotension for 
patients especially when initiated, 
doses change, drugs are used in 
combination, or in situations where 
the patient is less haemodynamically 
stable. For example, if the person is 
volume depleted or unwell. Where 
possible, it is useful to monitor BP, 
and any symptoms (such as dizzi-
ness), pre, during, and post-exercise 
(also refer to Chapter 12 on BP). 
 
Blood-thinning medication (Antipla-
telets and Anticoagulants) Refer to 
Table 15.2 
 
Blood-thinning medications are 
used to prevent blood clots and to 
reduce the incidence of vascular 
events, such as heart attacks (myo-
cardial infarction) and stroke (cer-
ebrovascular accident). Blood 
thinning medications are also used 

to treat blood clots, such as deep ve-
nous thrombosis (DVT) or pulmon-
ary embolism (PE). 
 
Patients may be taking blood thin-
ning medication for non-cardiovas-
cular indications, for example, to 
prevent blood clots during cancer 
treatment. 
 
Blood thinning medication can 
cause patients to have more notice-
able bruising. They can also cause 
patients to bleed for longer if they 
do injure themselves. Other drugs 
which affect the clotting process can 
increase the risk of bleeding when 
used with blood thinning medi-
cation for example, non-steroidal 
anti-inflammatory drugs (NSAIDS).2  
 
People on blood-thinning medi-
cation are generally advised to avoid 
high-risk physical activities, such as 
contact and collision sports.5 How-
ever, regular physical activity (PA) 
remains important, and its benefits 
have been shown to outweigh the 
potential risks.5 Contrary to popular 
belief, there is an inverse relation-
ship between exercise and major 
bleeding, as shown by Frey and col-
leagues in a cohort of 988 older 
adults (>65 years).6 Nonetheless, 
caution is necessary for individuals 
at high risk of falls, as they are more 
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prone to serious complications, such 
as brain bleeding, if they fall and hit 
their head. 
 
Heart rate or rhythm control medi-
cation (Antiarrhythmics) Refer to 
Table 15.3 
 
Heart rate is a commonly used 
measure of exercise intensity in fit-
ness settings, as it typically increases 
in proportion to exercise intensity. 
This relationship makes HR a valu-
able guide for monitoring and pre-
scribing appropriate exercise 
intensity.  
 
When people are taking heart rate- 

or rhythm-control medications, HR 
becomes an unreliable indicator of 
exercise intensity or physiological 
stress. In these cases, alternative 
methods for assessing exercise in-
tensity, such as rating of perceived 
exertion (RPE),9 should be used to 
ensure safety and efficacy in exer-
cise programming. 
 
Heart rate control medications are 
used to prevent a person’s HR from 
being too fast or too slow. Heart 
rhythm control medications are used 
to prevent a person’s heart from 
beating with an abnormal pattern of 
electrical impulses and restore sinus 
rhythm. These are often prescribed 
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for conditions like atrial fibrillation 
(AF);  the most common sustained 
cardiac arrythmia in adults.18 

 
Table 15.3 focuses on medication 
which aims to prevent abnormal fast 
heart rate or rhythm (tachyarrhyth-
mias). It is important to note that 
some antiarrhythmic medication can 
sometimes worsen abnormal heart 
rhythms (a proarrhythmic effect). The 
likelihood of side effects varies and 
is dependent on which medication 
is used.  
 
Asthma or chronic obstructive pul-
monary disease symptom relievers 

(Bronchodilators) Refer to Table 
15.4 
 
Asthma and chronic obstructive pul-
monary disease (COPD) medi-
cations are divided into two main 
types: controllers and relievers.21 

 
Controller medications are taken 
daily to reduce inflammation in the 
airways. These include inhaled cor-
ticosteroids (like fluticasone or bu-
desonide) and sometimes other 
medications like montelukast or 
long-acting inhalers (e.g., formoterol 
or salmeterol). These help keep 
symptoms under control long-term. 
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Reliever medications can be ‘short-
acting’ which is prescribed as when 
needed treatment for symptoms (like 
wheezing or breathlessness). They 
work by quickly relaxing the 
muscles in the airways, making it 
easier to breathe.  
 
Common relievers include inhalers 
like salbutamol (Ventolin) or terbuta-
line. These are used only as needed 
but should be readily available dur-
ing exercise.  
 
For people who experience exercise-
induced bronchoconstriction (EIB), a 
quick-relief inhaler taken before ac-
tivity can prevent symptoms. For 
longer activities (over 90 minutes), 
long-acting inhalers may be more ef-
fective.22 

 
Blood sugar-lowering medication 
(Hypoglycaemics) (also see Chapter 
14 on High blood glucose) Refer to 
Table 15.5. 

Blood sugar-lowering medications 
are used to maintain blood glucose 
levels (BGL) within a recommended 
range and to prevent or delay long-
term complications, for patients who 
have diabetes.  
 
The type or combination of blood 
sugar-lowering medication used 
depends on the type of diabetes 
being treated. The BGL range recom-
mended will also vary depending on 
patient and disease factors. Blood 
sugar-lowering medication can be 
prescribed as one active medication 
or in a tablet which contains a com-
bination of active medications. 
 
Individuals may be taking blood 
sugar-lowering medication for non-
diabetes indications. For example, 
SGLT2 inhibitors are used for heart 
failure, and GLP-1 analogues are 
often prescribed for obesity. Blood 
sugar-lowering medication can 
cause hypoglycaemia. The risk can 
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be increased depending on the 
medication being used as well as 
patient factors, for example, older 
people, those on more than one 
blood sugar lowering medication, 
and people with renal or hepatic im-
pairment.2 
 
Other medications with side-effect 
considerations for exercise  
 
Cholesterol lowering medication 
can cause myopathy (muscle weak-
ness, cramping) and rhabdomyolysis 
(muscle breakdown), necessitating 
caution in strength training. The risk 
for these side effects is dose-related 
and are more likely to occur in the 
first 4-6 weeks of treatment or after a 
dose increase.2 
 
15.5   Conclusion 
 
Medications play a crucial role in 
managing and preventing many 
health conditions. A number of 
common medications influence 
physiological responses to exercise, 
including heart rate, blood pressure, 
blood glucose levels, balance, res-
piration, awareness/arousal, and the 
risk of adverse events. It is important 
for exercise professionals to under-
stand these impacts, to ensure safety 
and guide program design.  
 

Key considerations include: 
 
•  Identifying medications, underly-
ing medical conditions, and any re-
cent changes in medication. 
 
•  Monitoring for adverse symptoms 
such as dizziness, BP/BGL fluctu-
ations, or exercise-related side ef-
fects. 
 
• Adapting exercise intensity and 
activity types if necessary, to ac-
count for medication effects on per-
formance, particularly when a new 
medication is introduced. 
 
The long-term physiological benefits 
of PA often complement the thera-
peutic effects of medications, with 
the interactive effect supporting 
overall health. If in doubt, or when 
situations extend beyond your scope 
of practice, consulting with a phar-
macist or GP is essential.
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16.1 Introduction 
 
Knowing if a client has been hospi-
talised in the previous 12 months is 
important for a number of reasons 
related to their health, safety, and 
exercise considerations. People gen-
erally are hospitalised only for seri-
ous medical conditions, illness, or 
injury. Therefore, understanding rea-
sons associated with the hospitalisa-
tion can help determine if there are 
any on-going health issues that 
could affect the client’s ability to ex-
ercise, or require modifications to 
their program. 
 

Admissions have also been shown to 
be correlated to poorer health status 
and negative health behaviours such 
as smoking, alcohol consumption 
and poor dietary patterns. In Austra-
lia for example, 6.5 million admis-
sions in 2021 were related to 
underlying chronic conditions (in-
cluding respiratory diagnoses, kid-
ney disease, cardiovascular 
problems, cancers, diabetes, and 
mental health issues among others). 
This represents about 55% of all ad-
missions and 74% of all patient 
days.1 It is a significant and costly 
burden on the health care system. 
 
16.2 How does recent hospital-
isation relate to health status? 
 
Numerous studies have shown a sig-
nificant impact of recent hospitalisa-
tion on both the client’s health and 
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There are direct relationships between 
the number and length of hospital ad-
missions for chronic conditions in the 
previous 12 months, versus poor 
health status, readmissions, general 
illness rates, and mortality.
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their current physical capacity. The 
exact effects depend on various fac-
tors, such as the type of illness or in-
jury, the length of stay, and their 
overall health before the hospitalisa-
tion. If the client is recovering from 
relatively recent surgery, illness, or 
an injury, their exercise plan will 
need to be adjusted to avoid exacer-
bating any ongoing health concerns. 
 
There is often a particular focus on 
strength and functional capacity 
since these can be negatively im-
pacted after a hospital stay. A char-
acteristic lack of movement in 
hospital admissions can lead to sig-
nificant effects on an individual’s 
physical functioning.2 For example, 
there is approximately 2% or more 
loss of muscle mass each day of 
complete best rest as recovery pro-
cesses source protein from body tis-
sues. This can lead to losses of up to 
10% in muscle mass in one week.3 
Hospital stays can also lead to ad-
verse psychological, cognitive, and 
social impacts that may also need to 
be considered. In general, a hospital 
stay increases a person’s frailty and 
susceptibility to falls and accidents. 
 
In fact, among health professionals, 
there is a syndrome called the 
‘trauma of hospitalisation’ that refers 
to the collective impact of immobil-

ity, sleep deficits and malnutrition 
associated with hospitalisation that 
contributes to functional deficits.4  
The detrimental health con-
sequences, particularly of longer 
hospital stays, has been linked to an 
overall 15.8% increased risk of read-
mission after discharge.4 A meta-
analysis found that about 30% of 
older patients (>65 yr) who are dis-
charged from hospital, even after 
short stays, have a hospital-associ-
ated loss of independence in activ-
ities of daily living.5  
 
16.3 Potential program modifica-
tions 
 
Muscle Weakness and Decreased 
Physical Capacity 
 
Along with muscle weakness, car-
diovascular fitness may decrease 
due to a lack of physical activity 
during hospitalisation. This means 
clients may fatigue more easily, ex-
perience shortness of breath with 
mild exertion, and find everyday ac-
tivities like walking or climbing 
stairs more challenging. Programs 
should start conservatively and in-
volve flexibility and range of motion 
movement, either while sitting or 
under direct supervision. It should 
include all major joints and muscle 
groups of the body.  
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Figure 16.1 The ways in which a prior hospitalisation can affect health and physical 
abilities. These require the exercise professional to be aware of potential programming 
modifications.
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People who have had ventilatory 
support, COPD or other respiratory 
conditions may have reduced lung 
function. This may require a pro-
gram that is altered towards less in-
tense, interval-type activities. This 
will help maintain appropriate 
blood oxygen levels and avoid 
periods of low oxygen delivery. 
After a serious or prolonged hospi-
talisation, many patients will experi-
ence physical weakness, fatigue, 
and poor stamina yet it will be im-
portant for them to start an exercise / 
rehabilitation program as soon as 
possible to prevent further loss of 
function. If the hospitalisation in-
volved surgery, physical limitations 
could persist for weeks or months, 
depending on the procedure. Joint 
replacement surgery can be particu-
larly challenging whereby clients 
may need intense rehabilitation ther-
apy to regain mobility and function. 
Recovering from abdominal surgery 
may limit engagement in many types 
of physical activities because of the 
way these core muscle groups are 
used to stabilise the body. Slow pro-
gression and individually tailored 
movements are key. 
 
It is also important to recognise that 
some medications prescribed during 
or after hospitalisation, particularly 
painkillers, sedatives, or muscle re-

laxants, can affect coordination and 
balance, again increasing suscepti-
bility to falls. Medications to man-
age chronic conditions or to aid 
recovery may have side effects that 
affect physical function. For in-
stance, some medications (like beta-
blockers or certain antidepressants) 
can make clients feel tired or weak, 
further limiting their physical activ-
ity.  
 
Impact on Chronic Health Con-
ditions 
 
If the hospitalisation was related to a 
chronic condition, such as heart dis-
ease, diabetes, or respiratory con-
ditions, then physical capacity may 
be affected by the underlying dis-
ease. A person with heart failure 
may find that their capacity for 
physical activity is permanently re-
duced following hospitalisation due 
to ongoing symptoms or complica-
tions related to their condition. Ad-
ditionally, sometimes hospitalisation 
unrelated to underlying chronic 
conditions may result in that chronic 
condition worsening and the rate of 
improvement may be slower after 
hospitalisation. 
 
Health Behaviour Changes 
 
After a hospitalisation, some individ-
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uals may be prompted to adopt 
healthier lifestyles such as improved 
diet, exercise, or smoking cessation, 
especially if they had an illness that 
was preventable or exacerbated by 
unhealthy habits. This can have 
long-term positive effects on health. 
Notwithstanding, it is not unusual 
for some clients to want to recover 
and regain health and fitness too 
quickly. This will need to be care-
fully managed. Therefore, there is a 
need for additional caution and 
staging the rate of progression. This 
may be a very good opportunity to 
increase the client’s health literacy. 
Hospitalisation often leads to a 
better understanding of one’s health 
condition, which can empower 
clients to take a more active role in 
managing their health in the future. 
 
Practical follow-up questions 
 
Exercise professionals dealing with 
clients who have indicated they 
have had a prior hospitalisation 
should follow-up to determine addi-
tional details about the hospital ad-
mission. Typical follow-up prompts 
may include:  

 

• how long ago was the admission? 

• what was the reason for the hospi-

talisation? 

• what was the hospital length-of-

stay? 
 
The answers to these follow-up 
questions will assist in optimising 
the client’s exercise program.  
 
 
16.4 Conclusion 
 
The impact of a previous hospital 
admission on health is multifaceted. 
While it can result in long-term 
physical, emotional, and social 
changes, it can also provide oppor-
tunities for recovery, rehabilitation, 
and health improvement. Physically, 
a previous hospitalisation can im-
pact a client’s health and physical 
capacity in numerous ways. The ef-
fects can include muscle weakness, 
joint stiffness, fatigue, decreased car-
diovascular fitness, and complica-
tions related to the underlying 
condition that caused the hospital-
isation. Recovery often requires a 
combination of physical rehabilita-
tion, lifestyle changes, and psycho-
logical support.  
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17.1 Introduction 
 
For many women, becoming preg-
nant can be the stimulus for greater 
focus on their health and this will 
often include beginning or upgrad-
ing their exercise habits. Exercise 
during pregnancy and the postpar-
tum period offers numerous health 
benefits, including improved cardio-
vascular fitness, enhanced mood, 
and better weight management and 
is encouraged for almost all 
women.1,2 However, it is essential to 
approach physical activity during 
these times with caution and a per-
sonalised plan. Pre-exercise screen-

ing is an important step to ensure 
the safety and well-being of both the 
mother and the baby. Question 17 
of the APSS asks about being preg-
nant or having given birth within the 
previous 12 months. The question 
has been framed in this way because 
during pregnancy and after recent 
childbirth the physiological changes 
may predispose women to an in-
creased probability of adverse 
events. It is important to be more 
prudent with exercise during these 
times. This chapter discusses the im-
portance of pre-exercise screening 
for pregnant and postpartum 
women, key steps of the screening 
process, and practical consider-
ations for exercise professionals. 
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Pregnancy is a time of significant 
physiological and anatomical change 
to the body. Pre-exercise screening 
helps identify any conditions or com-
plications that could increase the risk 
of injury or adverse events during ex-
ercise. It allows exercise professionals 
to tailor exercise based on the 
woman’s health status, fitness level, 
and personal preferences.
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17.2 Maternal adaptions during 
pregnancy 
 
Pregnancy is a time of significant 
physiological and anatomical 
change to the body. The cardiovas-
cular, respiratory, musculoskeletal, 
and neuroendocrine systems all 
undergo adaptations to accom-
modate the growing foetus and pre-
pare for childbirth.3 Some of the key 
changes that might impact exercise 
prescription include: 
 
• Postural changes such as in-
creased lumbar lordosis and in-
creased thoracic kyphosis as centre 
of gravity moves forward 
• Abdominal muscle distension to 
allow the uterus to grow 
• Ligament laxity particularly 
around the lumbopelvis to prepare 
the pelvis for expansion during 
childbirth 
• Increased blood volume (1.5 – 2 
litres) and red blood cell mass which 
supports the increased oxygen de-
mand of the mother and baby 
• In the later stages of pregnancy 
there is a decrease in lung volumes 
as the diaphragm is displaced up-
ward by the growing foetus and 
uterus, this is compensated for by an 
increase in tidal volume and minute 
ventilation of between 30-50% 
 

The pelvic floor changes during 
pregnancy can often lead to dys-
function. The pelvic floor consists of 
muscles, ligaments, fascia, nerves 
and blood vessels that lie within the 
bowl of the true pelvis and provide 
support to the pelvic organs. The 
pelvic floor also helps to maintain 
continence.4 During pregnancy, 
there is substantial downward press-
ure from the weight of the baby onto 
the pelvic floor muscles (also known 
as levator ani). The hormonal and 
collagen changes that occur during 
pregnancy lead to an increased dis-
tensibility of the pelvic floor muscles 
and connective tissue.5,6 This disten-
sibility persists (observed during 
straining) after childbirth regardless 
of the mode of delivery and may 
play a role in the development of 
pelvic floor dysfunction.6  
 
During birth, significant stretch to 
the pelvic floor muscles occurs and 
the levator ani stretch up to 3.5x 
their usual length. Other skeletal 
muscles can only stretch to about 
1.6x their resting length.7 This addi-
tional stretch is necessary to enable 
vaginal birth but may also explain 
why the strength and endurance of 
the pelvic floor muscles are reduced 
post birth.8,9 
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17.3 Postpartum specific con-
siderations 
 
The postpartum period, often re-
ferred to as the fourth trimester, is a 
critical time for maternal recovery 
and well-being. Returning to physi-
cal activity during the postpartum 
period requires careful consider-
ation of the unique physiological 
and psychological changes that 
occur after pregnancy and child-
birth. Key postpartum considerations 
for exercise include: 
 
-  Pelvic Floor Muscle Dysfunction 
Symptoms of pelvic floor dysfunc-
tion, such as urinary incontinence, 
faecal incontinence, pelvic organ 
prolapse, or sexual dysfunction, are 
relatively common during preg-
nancy and after childbirth. Manage-
ment of pelvic floor dysfunction 
includes a gradual return to exercise 
as well as specific pelvic floor 
muscle strengthening exercises 
(Grade A recommendation).10,11,12 
Pelvic health physiotherapists may 
be particularly helpful with these ex-
ercises.  
 
-  Caesarean Recovery 
Recovery after a caesarean section 
requires extra care, as it is major ab-
dominal surgery. Exercise should be 
gentle, including avoiding heavy lift-

ing, until the surgical incision has 
healed and the woman feels that she 
has fully recovered.13 Initial activ-
ities should focus on gentle move-
ment, core strengthening, and 
improving posture.13 Gradual pro-
gression to more intensive exercise 
should only occur under supervision 
of a health professional to avoid 
complications such as delayed scar 
healing. 
 
-  Rectus Abdominis Diastasis 
Rectus abdominis diastasis (RAD), or 
separation of the abdominal 
muscles, is a common condition 
during and after pregnancy. It is 
characterised by weakening, widen-
ing and thinning of the linea alba, 
widening the space between the 
rectus abdominal muscles that leads 
to a central bulge.14 RAD has been 
shown to reduce abdominal muscle 
torque 15 and may contribute to 
stress urinary incontinence.16 Exer-
cises focusing on core rehabilitation 
are recommended to safely restore 
abdominal function including both 
transverse- 17,18 and rectus- abdomi-
nis focused exercises.19 If a RAD is 
present, exercise advice should be 
individualised to the woman’s stage 
of pregnancy or postpartum re-
covery, as well as her current 
strength and fitness. Guidance from 
a physical therapist experienced in 
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postpartum recovery, such as a pel-
vic health physiotherapist may be 
beneficial.19 

 
-  Postpartum Depression/Anxiety 
or Trauma 
Postpartum depression, anxiety, or 
birth-related trauma can signifi-
cantly impact a mother's ability to 
engage in physical activity.20 Exer-
cise, particularly moderate aerobic 
activity, has been shown to improve 
mood and reduce symptoms of de-
pression and anxiety.21 However, it 
is crucial to approach postpartum 
mental health holistically, combin-
ing exercise with psychological sup-
port and professional counselling 
when needed. Group fitness pro-
grams tailored to new mothers can 
also provide a sense of community 
and reduce feelings of isolation.22 
 
While exercise is generally safe for 
most pregnant and postpartum 
women, certain conditions may war-
rant caution or even preclude physi-
cal activity. Contraindications to 
exercise are shown in Figure 17.1 
based on SMA guidelines.2 
 
 
17.4 Pre-exercise screening  
 
Pre-exercise screening of the preg-
nant and postpartum woman is cru-

cial for several reasons: 
 
- Identifying potential risks  
Screening helps identify any con-
ditions or complications that could 
increase the risk of injury or adverse 
events during exercise. These may 
include pre-existing medical con-
ditions, pregnancy-related complica-
tions, pelvic floor dysfunction or 
musculoskeletal issues that could be 
exacerbated by physical activity. 
 
- Personalising exercise recommen-
dations 
Every woman's pregnancy and post-
partum experience is unique. 
Screening allows healthcare pro-
viders and exercise professionals to 
tailor exercise recommendations 
based on an individual's health 
status, fitness level, and personal 
preferences. Pregnancy is also a dy-
namic process, and exercise pre-
scription should reflect the changes 
to a woman’s energy levels, comfort 
and general health and wellbeing 
throughout pregnancy. 
 
- Promoting safe and effective  
exercise 
By identifying contraindications and 
considerations, screening ensures 
that exercise is performed safely and 
effectively, maximising the health 
benefits while minimising risks. 
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- Building confidence and encour-
aging physical activity 
For many women, pregnancy and 
the postpartum period can be over-
whelming, leading to uncertainty 
about what physical activities are 
safe. The screening process provides 
reassurance around risks and em-
powers women to engage in exer-
cise routines appropriate for them. 
 
Figure 17.1 illustrates the manage-
ment of responses to question 17 of 
the APSS tool. For women who 
answer ‘yes’ to this question, follow-
up questions related to their obstet-
ric history (any pelvic floor 
dysfunction, current pregnancy stage 
(if relevant), previous pregnancies, 
and delivery methods) might be use-
ful to help with exercise program-
ming. Women should be asked 
about any current symptoms they 
may be experiencing, such as fa-
tigue, dizziness, shortness of breath, 
or pain. These symptoms can pro-
vide valuable insights into how the 
body is responding to pregnancy or 
postpartum recovery and guide exer-
cise recommendations. While preg-
nancy is generally a period of good 
health it can be accompanied by 
complications that pose risks to both 
the mother and the baby. Some 
examples include gestational dia-
betes which is a transient condition 

of increased insulin resistance that 
occurs in ~15% of pregnancies.23 If 
this is present it will impact exercise 
programming and monitoring - see 
Chapter 14 on Blood Glucose. 
 
Preeclampsia is a pregnancy compli-
cation characterised by high blood 
pressure (BP) that arises during preg-
nancy, typically after about 20 
weeks.24 Early diagnosis and close 
monitoring are essential to reduce 
complications. Routine BP measures 
are recommended if equipment and 
expertise are available. 
 
Pregnancies involving twins, triplets, 
or higher-order multiples are associ-
ated with unique challenges and 
risks.25 The likelihood of pre-term la-
bour and delivery is significantly 
higher in multiple pregnancies.25 
Mothers carrying multiples are also 
at increased risk of developing ges-
tational diabetes and preeclamp-
sia.25 
 
Once a woman has been screened 
and any contraindications or con-
siderations have been identified, an 
exercise program can be developed. 
Figure 17.1 provides a flow chart 
with regards to managing women 
based on responses to question 17.  
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17.5 Conclusion 
 
Pre-exercise screening is a funda-
mental component of promoting 
safe physical activity in pregnant 
and postpartum women. By care-
fully assessing individual health 
status, identifying potential risks, 
and providing tailored exercise rec-
ommendations, exercise profes-
sionals and healthcare providers can 
help women maintain an active life-
style that supports their health and 
well-being during these trans-
formative life stages. 
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18.1 Introduction 
 
The presence of muscle, bone or 
joint pain or soreness (hereafter 
musculoskeletal pain) is an impor-
tant consideration for pre-exercise 
screening. Many clients may present 
with pain or soreness related to a re-
cent injury or a chronic musculos-
keletal condition (eg., knee 
osteoarthritis). While the presence of 
musculoskeletal conditions does not 
necessarily increase the risk of an 
adverse cardiovascular event during 
exercise, pain associated with these 
conditions can be a significant bar-
rier to exercise and may require you 

to make modifications to the client’s 
program. Therefore, screening for 
musculoskeletal problems is an im-
portant consideration. 
 
18.2 How common are muscu-
loskeletal conditions? 
 
Musculoskeletal conditions are often 
described in terms of the duration of 
symptoms. Acute pain is usually de-
fined as pain lasting <6 weeks and is 
typically sudden in onset, poten-
tially related to an injury such as a 
strain or sprain. Soft tissue injuries 
requiring hospitalisation in Australia 
occur at an annual rate of around 
202 per 100,000 people, making 
them one of the more common in-
jury types behind only open wounds 
(346/100,000) and fractures 
(817/100,000).1  
 
Furthermore, there are ‘overexertion’ 

Musculoskeletal conditions 18
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Soreness due to unaccustomed activ-
ity is not the same as pain in the joint, 
muscle or bone. Pain is more extreme 
and may represent an injury, serious 
inflammatory episode, or infection. 
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injuries that occur as a result of 
‘physical stress, strenuous or repeti-
tive movement, or overuse of the 
body’. The body parts most com-
monly injured via these mechanisms 
are shown in Figure 18.1.1 The stat-
istics relate to overexertion injuries 
that have led to the person pres-
enting to hospital, so they may be 
more severe or intense than other 
soft tissue injuries that did not 
require hospitalisation. The body 
areas most frequently involved relate 
to hip and leg injuries, followed by 
those involving the trunk/back. 
 
Chronic pain is usually defined as 
pain lasting 12 weeks or more. In 
these conditions, pain is normally 
the most impactful symptom and 
may lead to loss of function. The 
pain can vary in severity and be 
constant (ie., experienced on most 
days) or intermittent. Other symp-
toms such as fatigue, stiffness or 
swelling may also be present and 
may impact the client’s ability to ex-
ercise. Some of the most common 
chronic musculoskeletal conditions 
in Australia are back problems, os-
teoarthritis, and osteoporosis/osteo-
paenia.2 These conditions tend to be 
slightly more common in females 
than males and increase with age as 
illustrated in Figure 18.2. In fact, if 
you are working with clients over 

the age of 65, it is more likely they 
will have at least one chronic mus-
culoskeletal condition than not.  
 
18.3 Screening for musculoskel-
etal conditions 
 
Some useful questions to ask clients 
when screening for musculoskeletal 
conditions are provided below. As a 
reminder, if you are unsure, it is al-
ways best to refer the client back to 
an appropriately trained health pro-
fessional (eg., medical practitioner, 
accredited exercise physiologist, 
physiotherapist) for further screening 
to determine their appropriateness 
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for exercise. However, movement 
and exercise are considered first-line 
treatment for many acute and 
chronic musculoskeletal conditions, 
so it is likely they will be safe to 
continue, albeit with individualised 
limitations.   
 
Several possible follow-up questions 
are shown below: 
 
1. Medical history and diagnosed 
conditions 
• Have you been diagnosed with 
any muscle, bone, or joint prob-
lems? 
 - Purpose: Identifies existing con-
ditions such as arthritis, osteoporo-
sis, or previous fractures. 
 
• Have you been advised by a 
healthcare professional to avoid cer-
tain physical activities due to these 
conditions? 
- Purpose: Determines if specific ex-
ercises should be avoided to prevent 
exacerbation. 
 
2. Current symptoms and limita-
tions 
• Do you experience pain, stiffness, 
or swelling in your muscles, bones, 
or joints during or after physical ac-
tivity? 
- Purpose: Assesses the presence of 

symptoms that may indicate under-
lying issues. 
 
• Are there specific movements or 
activities that cause discomfort or 
pain? 
- Purpose: Identifies movements to 
modify or avoid during exercise. 
 
3. Functional capacity 
• Can you perform daily activities 
(eg., walking, climbing stairs) with-
out discomfort? 
- Purpose: Evaluates the impact of 
musculoskeletal issues on daily life. 
 
4. Previous injuries and surgeries 
• Have you had any surgeries or in-
juries related to your muscles, 
bones, or joints? 
- Purpose: Identifies areas that may 
require special consideration or re-
habilitation. 
 
5. Other treatment 
• Are you taking any medications 
for muscle, bone, or joint con-
ditions? 
- Purpose: Assesses potential effects 
on exercise performance and safety. 
 
• Are you currently undergoing any 
treatment or rehabilitation for these 
issues? 
- Purpose: Ensures coordination with 
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ongoing medical care. 
 
• Do you use any assistive devices 
(eg., braces, orthotics) during physi-
cal activity? 
- Purpose: Identifies necessary ac-
commodations during exercise. 
 

By addressing these areas, you can 
develop safe and effective exercise 
plans tailored to individuals with 
musculoskeletal concerns. 
 
18.4 Practical advice 
The approach for clients with mus-
culoskeletal concerns is largely de-
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Figure 18.2 Statistics related to musculoskeletal conditions in 
Australia show they increase with age and are slightly higher in 
females across almost all age groups.2



pendent on their presentation but, 
given the relatively high prevalence 
of musculoskeletal conditions, they 
need to be considered when work-
ing with most clients. While most 
musculoskeletal concerns are self-li-
miting, it is important to be aware of 
their presence and the potential for 
accompanying factors such as fear 
around movement or increased pain 
during or after exercise. Specifically, 
it is important to understand com-
munication around musculoskeletal 
concerns to create a safe and com-
fortable environment for clients.  
 
Avoiding language such as ‘start 
with your bad leg’ and reframing to 
more neutral talking points (eg., start 
with your left/right leg) can be help-
ful to not reinforce the client’s con-
cerns during a session. Further, 
understanding that pain/discomfort 
will likely change throughout exer-
cise, and that more discomfort with 
exercise does not necessarily mean 
more damage is being caused, is im-
portant to be aware of and to com-
municate. You should also help the 
client be aware of boundaries for 
pain increases during movement to 
ensure safety.  
 
- Acute management of musculos-
keletal concerns 
 

PEACE and LOVE refers to updated 
standards of practice around acute 
musculoskeletal concerns/injury and 
is shown in Figure 18.3.3 These steps 
are largely around management 
prior to returning to usual exercise 
and are likely under the direction of 
a healthcare professional. However, 
in cases where a client may be self-
managing these acute musculoskel-
etal concerns, it is important to be 
aware of these procedures and con-
sider this in overall exercise pre-
scription where appropriate. For 
example, this may include avoiding 
lower body exercise or reducing the 
intensity or volume while a client re-
covers from their injury and symp-
toms through the PEACE and LOVE 
protocol until the final stages where 
exercise can be safely re-introduced.  
 
- Communication strategies and 
graded exposure  
 
Good communication is key when 
working with clients experiencing 
musculoskeletal concerns. Research 
has shown that these populations 
are largely influenced by their prac-
titioners, 4,5 which can influence 
their confidence and perception of 
exercise in a beneficial or detrimen-
tal way. Positive reassurance (opti-
mism) is always encouraged, 
particularly around the body’s ability 
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Avoid activities and movements that increase pain during the first few days after injury

Elevate the injured limb higher than the heart as often as possible

Avoid taking anti-inflammatory medications as they reduce tissue healing, and avoid icing beyond 6 hours post-injury

Use elastic bandage or taping to reduce swelling

Your body knows best. Avoid unnecessary passive treatments and medical investigations and let nature play its role

Let pain guide your return to normal activities. Your body will tell you when it’s safe to increase load

Condition your brain for optimal recovery by being confident and positive

Choose pain-free cardiovascular activities to increase blood flow to repairing tissues

Restore mobility, strength and proprioception by adopting an active approach to recovery

Figure 18.3 PEACE and LOVE acronyms that guide soft-tissue injury management 
and rehabilitation (reproduced with permission).3 Although icing has been, and still 
is, widely used following injury, there is little high-quality evidence as to the efficacy 
of ice treatment. A recent review concluded that ice therapy may be recommended 
in the first 6 hours following an injury to reduce pain (and possibly haematoma), but 
there is no evidence from human studies that cryotherapy limits secondary injury or 
has positive effects on tissue regeneration.12

to move and adapt positively to ex-
ercise. This is particularly true when 
working with people who may have 
been experiencing a musculoskel-
etal concern for some time and may 
have unhelpful beliefs about move-
ment and pain. Conversely, it is im-
portant to avoid negative framing 
such as the ‘bad leg’ example 
above, or statements like ‘make sure 
to do this correctly or you will cause 

more damage’. These statements are 
often untrue given the remarkably 
low risk of exercise as being the sole 
cause of musculoskeletal injuries 6 
and they also carry the potential to 
negatively influence a person’s be-
liefs in their abilities (which seem to 
be a large factor in conditions such 
as persistent back pain .7 
 
Alongside mindful communication 



sits the concept of graded exposure. 
This is largely the principle of pro-
gressive overload applied in a 
slightly different way, such as to a 
complex movement. The principle is 
to take small steps toward a larger 
task that someone may be unsure 
they are able to complete, aiming to 
build their confidence each step of 
the way. Consider the following 
example: 
 
A client is worried about their ability 
to pick something up off the floor 
due to their persistent back pain that 
has been labelled non-specific by an 
allied health practitioner. Here, we 
start the client with the smallest step 
in the direction of a hinge task they 
are comfortable with such as a high 
rack pull with minimal flexion/hinge 
at the hips. We follow the typical 
progressive overload principle until 
they are performing this exercise 
with more repetitions, more load, or 
both. In this example, let’s say the 
client is lifting 8-reps at 30kg. After 
this, we might ask if they are com-
fortable to move the bar down to 
the next setting of rack height if we 
remove all load back to only the bar-
bell and do half the amount of rep-
etitions. If the client is comfortable 
we continue along until we reach 8-
reps at 30kg (or more) at this height 
and then repeat again. This process 

can continue and/or change exer-
cises (eg., by using other equipment 
such as dumbbells) until we reach 
the floor, ensuring it is a comfortable 
pace for the client. 
 
In this example, the client is work-
ing toward a task they are con-
cerned about at intervals 
comfortable to them. The aim is to 
build confidence along the way, 
which is reinforced by our positive 
communication mentioned above. 
Research has shown these ap-
proaches assist in overall and move-
ment-specific fear reduction in 
people experiencing persisting 
pain.8,9  
 
- Manageable and tolerable 
pain/discomfort 
 
It is common for pain to change dur-
ing and after exercise. For people 
with chronic musculoskeletal con-
ditions, exercising with a tolerable 
amount of pain/discomfort is just as 
effective and safe as pain-free exer-
cise.10 Exercising into pain/discom-
fort is thought to help people 
understand that short-term fluctu-
ations in pain/discomfort are not in-
herently damaging and assist in their 
overall confidence of their body and 
movement. In these scenarios it is 
important to understand how much 
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of an increase in pain/discomfort is 
‘acceptable’ and to communicate 
this with the client, as well as have 
the client openly communicate their 
comfort with this.  
 
Typically, if pain/discomfort is con-
sidered tolerable or manageable by 
the client, then it is appropriate to 
continue.11 Currently, there does not 
appear to be a best-practice way to 
measure this within a session and it 
is best to have an open discussion 
with the client about the approach 
and what they are most comfortable 
with. One final point to consider is 
that pain/discomfort should return to 
baseline within 24-hrs of an exercise 
bout,11 which may also guide deci-
sion-making around implementation 
of these strategies. 
 
18.5 Conclusion 
 
Acute and chronic musculoskeletal 
conditions are relatively common. 
While the presence of these con-
ditions does not necessarily increase 
the risk of an adverse cardiovascular 
event during exercise, these con-
ditions can be exacerbated by exer-
cise and may also influence a 
client’s willingness to be physically 
active. Therefore, musculoskeletal 
conditions are an important con-
sideration for pre-exercise screening. 

We have provided high level gui-
dance of relevant screening ques-
tions but if you are unsure of their 
suitability to exercise it is recom-
mended the client be referred to an 
appropriate healthcare professional. 
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