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  review

The role of exercise testing has changed in the last decade, due to the development of new interventional 
treatment options, new cardiac biomarkers, as well as emerging noninterventional imaging techniques. 
The increasing prevalence of lifestyle-related disease, such as obesity and diabetes mellitus, highlights 
the role of exercise for primary/secondary prevention and treatment of coronary artery disease. In stable 
coronary artery disease, the trend of an increasing number of percutaneous coronary interventions, has 
been questioned, with smaller studies indicating equally good treatment results by aggressive medical 
treatment and lifestyle changes. Thus, while the role of the exercise test in the evaluation of acute chest 
pain and early in the setting of an acute coronary syndrome has decreased, it remains an important clinical 
tool. The exercise test today, has a pivotal and increasing role in tailored exercise prescriptions, with a 
shift of focus towards giving information on prognosis, functional capacity and safety of prescriptions.
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For a long time, the exercise test (ET) has been 
the main evaluation method recommended for 
most patients with suspected myocardial isch-
emia [1,2]. Furthermore, the ET has been used 
widely as the main decision tool for deciding 
clinical strategy – that is, interventional or 
conservative approach [1], but the ET can also 
be used for risk evaluation [3] and for exercise 
 prescription [4].

However, in recent years, the role of the ET 
has shifted. Recent developments of new imag-
ing methods have put the role of the ET in chest 
pain evaluation and for deciding upon a suitable 
treatment method, into question [5]. At the same 
time, an increasing body of scientific knowledge 
accumulated over the last 10 years has shed light 
on the importance of regular physical activity for 
prevention of cardiovascular morbidity and mor-
tality, and have highlighted the role of the ET 
for providing prognostic information in patients 
with coronary artery disease (CAD) [6,7], and 
also for prescribing individualized physical 
activity to these patients [4,8,9].

The role of the eT in the 
investigation of patients with 
chest pain
The ET has been the main evaluation method 
in patients presenting with suspected CAD for 
the last few decades – that is, for those without 
resting-ECG changes that would not interfere 
with interpretation of the test, as well as those 
able to exercise sufficiently [1]. While having 

certain disadvantages, such as a low specific-
ity in low-risk patients and especially women 
[10], the ET is readily available and relatively 
cheap. The important advantage of the ET over 
myocardial scintigraphy is the absence of radia-
tion. Regarding CT angiography, while in most 
cases providing good anatomical information 
on prevalence of high-grade stenosis and/or cal-
cifications in the proximal coronaries, the main 
limitation remains its inability to provide infor-
mation on ischemia burden and ultimately prog-
nosis, in addition to being less (not universally) 
available and subjecting the patient to significant 
doses of radiation.

Recently, the use of the ET in evaluation of 
chest pain in patients who had a normal rest-
ing ECG and no prior revascularization, was 
found to be cost effective, compared with mod-
ern stress imaging methods [11]. In fact, the ET 
showed a similar diagnostic yield and was con-
siderably cheaper, compared with available stress 
imaging methods [11]. Thus, the ET still seems 
to have a given role, at least in a male chest-pain 
population.

However, a more invasive strategy has been 
increasingly popular clinically. Due to the almost 
universal availability of coronary angio graphy, 
and studies such as FRISC II [12] that have shown 
that a generally invasive strategy is advantageous, 
the use of ET has declined in the acute setting. 
This shift in the use of the ET is partly due to 
scientific developments, showing the superiority 
of an invasive strategy in unstable disease [12], 
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but is also due to the logistic organization of 
acute cardiac care. Today, the widespread avail-
ability of angiographic/interventional laborato-
ries, makes it (in many places) easier and faster 
to perform a coronary angiography to rule out 
significant CAD, than to get additional stress 
imaging, such as myocardial scintigraphy or 
stress echocardiography. However, the evidence 
in favor of a strategy of routine intervention is 
not so solid for all patient groups, such as women 
and low-risk patients [13], and certainly not for 
stable CAD [8,14], although the number of stud-
ies directly comparing percutaneous coronary 
interventions (PCI) to exercise is rather small 
and not very numerous [8,14].

Emerging imaging methods and the develop-
ment of new biochemical markers for increased 
risk prediction [15], has shifted the focus away 
from the standard ET in risk stratification of 
chest pain patients. Regarding biomarkers, 
myo cardial damage markers such as cardiac 
 troponin T and high-sensitive troponin T; natri-
uretic peptides involved in cardiac remodelling, 
such as NT-pro-BNP, as well as components of 
the acute phase response, such as C-reactive pro-
tein, have all been associated with higher risk in 
nonselected patients with chest pain, in the acute 
setting [15–17]. However, the role of coronary 
calcium score in the evaluation of chest pain 
remains to be fully understood [18]. Importantly, 
imaging methods, such as computed tomogra-
phy angiography and cardiac MRI, have the 
potential to give even more detailed informa-
tion on coronary artery anatomy and plaque 
morphology [19,20], but its role in routine chest 
pain evaluation, in the acute setting, remains to 
be established.

Women with chest pain have a lower inci-
dence of CAD than men. In women with sus-
pected myocardial ischemia, the ET is still a 
recommended first-line evaluation procedure 
[21], and has been shown to exclude CAD more 
effectively, than in men [22]. Due to the high 
false-positive rate of the ET, in women [10], addi-
tional and higher cost procedures have been sug-
gested [5]. However, the evidence base for choos-
ing the most suitable method for evaluation of 
women with suspected myocardial ischemia 
has been limited. The recent WOMEN study 
concluded that in low-risk women, a diagnos-
tic strategy that includes the ET yields similar 
2-year outcomes, as a strategy using myocardial 
perfusion imaging, and at a significantly lower 
cost [21]. The authors suggested that “in women 
capable of exercising, a strategy using the ET 
alone, was still the preferred evaluation method 

for those with suspected myocardial ischemia” 
[21]. In patients with a low-risk score, more often 
women, there is at present no evidence that any 
additional imaging method, will add to the 
prognostic information gathered from the ET 
[1]. Stress echocardiography [23] or myocardial 
scintigraphy [1,5] are recommended as additional 
evaluation methods of chest pain, in patients 
with intermediate-risk ET score.

All in all, the role of the ET in chest pain 
evaluation has declined in recent years, not only 
for scientific reasons (better imaging methods 
available), but also for logistical reasons and 
because of the way we organize acute care.

The role of the eT as a tool for 
selecting patients for acute/subacute 
coronary intervention
The ET is safe, conferring a low risk for seri-
ous adverse events (myocardial infarction [MI]/
death) in low-risk patients seeking medical 
attention for unspecified chest pain [1], but also 
in stabilised unstable angina. Historically, the 
most important prognostic message from the ET 
has in fact been the initial evaluation, whether 
the patient is capable of performing the exercise 
at all, or not. The patients who are excluded from 
the ET have a generally poorer prognosis [24].

The aim of noninvasive testing has been to 
identify patients suitable for revascularization 
and patients with severe left ventricular heart 
failure [1,25,26]. Clinical studies randomizing 
patients with an acute coronary syndrome to 
early intervention or to a more conservative 
approach, have shown that an interventional 
strategy most often is the preferred strategy 
[27]. However, in women, in the elderly and in 
patients with very low or very high risk, this is 
less clear. Elderly patients have a higher risk of 
intervention, but also have potentially more to 
gain from an intervention. Clinically, an inter-
vention will often be based on identifying those 
patients that benefit the most from an inter-
vention – that is, being at higher than average 
risk [1], especially in areas and countries where 
an acute coronary intervention is not readily 
available to all. The ET has a high accuracy for 
identifying such high-risk patients [11]. In addi-
tion, one of the advantages of the ET is to detect 
possible exercise-induced arrhythmias.

Possibly, there is also a gender difference 
regarding the application of a universal inva-
sive approach. The results regarding an inter-
ventional strategy in women are lacking com-
pared with what has been demonstrated in men, 
for example in the FRISC II study [12]. In fact, 
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no studies have clearly shown that an invasive 
strategy is significantly better than a more 
noninvasive approach in women with acute coro-
nary syndrome. Not only in low-risk women [21], 
but also possibly in the growing elderly popula-
tion, a strategy involving stabilization and risk 
evaluation with the ET, before deciding upon an 
interventional treatment or not, may still be the 
preferred approach.

Therefore, while generally declining in 
importance in the decision-making approach 
in acute coronary syndrome, the ET remains 
an important tool, especially in the subset of 
women with acute coronary syndrome. The ET 
still has a definitive role in identifying patients 
where a significant symptomatic effect of a 
revascularization can be expected.

The role of the eT as a risk predictor 
in different settings
A low cardiorespiratory fitness level (low VO

2 max
) 

has been shown to be at least as important a risk 
factor, as elevated systolic blood pressure, smok-
ing, obesity and diabetes for mortality in CAD 
[28]. Fitness is also a predictor of CAD and of 
progression of atherosclerosis [28]. In fact, fitness 
represents one of the strongest independent pre-
dictors of mortality, also with underlying CAD 
[7], emphasizing the importance of the ET for 
fitness evaluation, in everyday clinical practice.

Different risk scoring charts are commonly 
used to assess the individual cardiovascular risk 
profile, for example the European SCORE sys-
tem [29]. This important decision tool, may help 
the clinician’s treatment and follow-up, as well as 
providing the patient with incentive and motiva-
tion to adhere to treatments, and thereby achieve 
a reduction in estimated risk. The problems with 
today’s risk scoring system, is the limited num-
ber of risk factors included in the risk-assessment 
(hypertension, smoking, age, sex and total cho-
lesterol) [29]. The addition of information on the 
individual fitness level would increase the prog-
nostic power of the SCORE risk assessments [30].

An early meta-ana lysis of the ET in post-MI 
patients, demonstrated that clinical judgment 
can be used to identify high-risk patients, and 
that ST-segment shifts are not as predictive of 
high risk as an abnormal systolic blood pressure 
response or having a poor exercise capacity [31].

In patients with stable coronary heart dis-
ease, studies considering angiographic findings, 
cardiac events and the differential outcome of 
coronary artery bypass surgery as compared with 
medical therapy, have shown the ET to have 
prognostic power [3]. Later, as PCI emerged as 

a therapeutical alternative, the classical electro-
cardiographic changes seen in myocardial isch-
emia (ST-depression) were more unreliable as 
prognostic markers [32]. However, the ET was 
still a useful prognostic tool, as the blood pres-
sure response and exercise capacity remained 
good predictors of prognosis, also post-PCI [32], 
and especially in stable angina [8,14]. The ET in 
the interventional era, will thus still add valuable 
prognostic information [33].

From this perspective, it is obvious that there 
is much information supporting the use of ET 
as the first noninvasive step after the history, 
physical examination and resting ECG in the 
prognostic evaluation of patients with CAD 
[1]. The result of the ET may predict both the 
severity of the underlying coronary disease, as 
well as give information on the patient’s prog-
nosis. In addition, the ET will also help making 
recommendations for optimal treatment of the 
disease.

The role of the eT in giving the 
patient tailored physical activity 
prescriptions 
Successful primary prevention of CAD remains 
one main goal for the healthcare systems of the 
future. However, CAD is increasing in many 
countries worldwide, for example in China 
[34,101], because of the imbalance between a rise 
in classical risk factors (overweight, diabetes, 
hypertension and smoking) compared with the 
results of lifestyle advice (smoking cessation, diet 
and increasing physical activity) and pharma-
ceutical treatment options (e.g., b-blockers, cho-
lesterol-lowering agents and so on). Increments 
in noncommunicable diseases, like CAD, is 
now a universal problem, as highlighted by 
the WHO [101]. Therefore, secondary preven-
tion will continue to be an important part of 
the CAD management in the foreseeable future 
[4,35]. Presently, the level of secondary prevention 
is insufficient, particularly regarding lifestyle 
advice, as shown by national registries [36] and 
patient surveys [37], demonstrating the great 
potential benefits of improvements in this area.

Specifically, cardiac rehabilitation programs, 
typically post-MI, have been successful in increas-
ing functional capacity [38] and to reduce com-
plications and even mortality [39], at least in the 
short term. While the effect of such programs in 
a longer perspective, remains to be demonstrated, 
regular physical activity has been shown to be 
equally effective as PCI, in addition to conven-
tional medical therapy, in stable angina [8]. The 
COURAGE study demonstrated that in patients 
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with stabilized CAD, if optimal medical therapy 
was given, as assessed by measuring the HDL 
fraction of cholesterol, and prescription of exercise 
was added, the addition of PCI meant that more 
patients became free from angina in the short term 
(months), while having no positive effect and no 
effect on hard end points, such as recurrent infarc-
tion or death [14]. In addition, cardiac rehabilita-
tion seems to be of benefit (even to reduce mor-
tality) to patients undergoing invasive PCI [40,41]. 
Furthermore, the Corpus Christi study showed 
that the risk of a new MI, in patients with a recent 
MI, was halved in patients who increased their 
level of physical activity or remained physically 
active [42].

In Sweden, the National Board of Health and 
Welfare recently, after extensively reviewing the 
available literature, published national guidelines 
for methods to prevent disease (addressing smok-
ing cessation, bad diet, alcohol consumption and 
a low physical activity level) as treatment [102]. 
It was clearly stated that for all patients that are 
insufficiently physically active, the healthcare 
system, should give structured advice on physi-
cal activity, accompanied by adjuvants such as 
prescriptions on exercise or activity diaries, as 
well as follow-up these measures regularly [102].

Also in the context of prescription of exercise 
to patients with CAD, as part of the treatment 
regime, the ET may play an important and 
increasing future role. Especially, patients who 
have had a recent MI or have undergone inter-
ventional therapy, require counseling regarding 
their ability to perform daily activities and exer-
cise [4,9]. ET can be a useful tool in establishing 
physical activity guidelines for these individuals.

Clinically, exercise prescription for CAD 
patients, is recommended to be based on a 
thorough clinical individual evaluation, which 
includes risk scoring, assessing the intended level 
of activity and performing an ET [4,43]. The indi-
vidual training intensity could be determined as 
a percentage of symptom free maximal exercise 
capacity, as measured by the standard ET [4]. 
Alternatively, the VO

2 peak 
and/or the first ventila-

tory threshold (ventilatory anaerobic threshold), 
using a more extensive cardiopulmonary ET, may 
be used [44].

In clinical practice, the maximal workload 
in watts (J/s) achieved by the patient, without 
him/her experiencing any signs of ischemia 
and/or cardiac or respiratory failure, may be 
used for an approximation of the suitable exer-
cise capacity. The training intensity is prescribed 
as percentage of the maximal workload, or cal-
culated from the heart rate reserve (maximal 

heart rate minus resting heart rate) and/or as 
percentage of the maximal heart rate (training 
heart rate) from the test [4,44].

In CAD patients treated with b-blockers the 
training heart rate, could be determined either 
as percentage of VO

2 peak
 [45], or by measuring 

the ventilatory aerobic threshold [44]. In patients 
with chronotropic incompetence and atrial fibril-
lation, exercise prescription could alternatively 
be based on the maximal work load achieved 
during the ET [4].

Importantly, if the status of the patient’s indi-
vidual cardiorespiratory fitness is regularly evalu-
ated by further ETs, this provides valuable infor-
mation on potential CAD progression [4]. The 
heart rate recovery index (heart rate at a standard-
ized workload minus heart rate after 2 min) is a 
practical tool for follow-up of a physical a ctivity 
prescription [4].

In summary, the individually tailored exer-
cise prescription has to consider pre-existing 
risks and limitations (i.e., exercise-induced isch-
emia or arrhythmias, cardiac function, limiting 
comorbidities and disabilities), the baseline fitness 
level, individual preferences on exercise modali-
ties, potential psychological, social and/or cul-
tural barriers, gender as well as age-related needs 
and limitations. Thus, the potential role of the 
ET in exercise prescription is vast, but it is still 
u nderutilized in clinical practice.

Conclusion
In combination with adequate imaging and 
biochemical tests, the ET is still a valuable tool 
in the work-up of patients admitted for chest 
pain. In selected patients with acute coronary 
syndrome (elderly, women, patients in remote 
or socio economically less favored areas) careful 
selection of patients for revascularization may be 
guided by ET. In primary and secondary pre-
vention, the last decade has provided us with 
an abundance of studies indicating not only 
the importance of physical activity but also the 
importance of exercise prescription for treatment 
of patients with CAD. The ET is an excellent 
tool to identify the suitable physical activity, and 
to help motivate patients with CAD to change 
their lifestyle.

Future perspective
The role of ET in evaluation and risk strati-
fication of acute chest pain will possibly con-
tinue to decrease in the near future, due to 
emerging noninterventional imaging tech-
niques. Importantly, methods, such as computed 
tomography angio graphy could add valuable 
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information, to conventional coronary angiog-
raphy and coronary calcium score, by provid-
ing information on coronary artery anatomy 
[19]. Cardiac MRI has the potential to give even 
more detailed information on coronary plaque 
morphology [20], but its role in routine chest 
pain evaluation, in the acute setting remains to 
be established. Further development in imag-
ing methods, will probably decrease the role of 
the ET in risk stratification of chest pain in the 
future.

In the setting of an acute coronary syndrome, 
ET will remain obsolete for many patients dur-
ing the initial hospital stay, but will be used 
more in early out-patient rehabilitation. As 
lifestyle -related diseases continue to increase 
worldwide [101], currently already constituting 
a great part of the ‘noncommunicable diseases’, 
there will be an even greater focus on preventing 
these diseases in the near future. Therefore, pre-
ventive measures involving lifestyle behavioral 
changes, such as increasing the level of physi-
cal activity, will be more emphasized, possibly 
involving the political, social and healthcare 
settings.

In addition, lifestyle treatments such as pre-
scribed physical activity, will be more widely 
used in healthcare as a basic treatment modal-
ity, supplemented by pharmacological treat-
ment according to national and international 

treatment guidelines, for both cardiovascular 
risk factors and in established stable CAD [4]. 
Potentially, the overall benefits of increasing the 
level of physical activity as part of an improved 
secondary prevention of CAD, may be even 
greater than the benefits of any developments of 
new pharmacological or interventional therapies, 
in the near future. Revascularization in moder-
ately symptomatic patients with stable angina 
will be replaced by more aggressive and struc-
tured lifestyle changes and medical therapy, in 
the coming years.

In this context, the role of the ET will cer-
tainly improve in the development of exercise 
programs for a growing number of individuals 
with cardiovascular disease. Specifically, the ET 
will also be used more widely and routinely, to 
assess risk, for prognosis and for assessment of 
functional capacity.
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executive summary

The role of the exercise test in the investigation of patients with chest pain
 � With novel biomarkers and emerging imaging techniques, the role of the exercise test (ET) has decreased in the investigation of patients 

with chest pain of unknown etiology.

The role of the ET as a tool for selecting patients for acute/subacute coronary intervention
 � While the role of the ET in the setting of an acute coronary syndrome has decreased overall, it remains important, especially in patients 

at low risk, in women and in areas with limited availability of immediate interventional strategies.

The role of the ET as a risk predictor in different settings
 � The use of the ET has an increased role, in both primary and secondary prevention of coronary artery disease, to risk stratify the patients.

The role of the ET in giving the patient tailored physical activity prescriptions
 � The use of the ET remains underutilized, as a clinical tool for prescribing individualized physical activity, as treatment for coronary artery 

disease.
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