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Exercise Testing: Who, When, and Why?
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Abstract
There are different modalities of exercise testing that can provide valuable information to physicians about patient and
athlete fitness and cardiopulmonary status. Cardiopulmonary exercise testing (CPX) is a form of exercise testing that measures
ventilatory and gas exchange, heart rate, electrocardiogram, and blood pressures to provide detailed information on the car-
diovascular, pulmonary, and muscular systems. This testing allows an accurate quantification of functional capacity/measure of
exercise tolerance, diagnosis of cardiopulmonary disease, disease-progression monitoring or response to intervention, and the
prescription of exercise and training. CPX directly measures inhaled and exhaled ventilator gases to determine the maximal
oxygen uptake, which reflects the body’s maximal use of oxygen and defines the limits of the cardiopulmonary system.

CPX is the ideal modality to evaluate causes of exertional fatigue and dyspnea, especially in complex cases in which the
etiology could be cardiac, pulmonary, or deconditioning. Exercise tolerance has become an important outcome measure in pa-
tients with chronic obstructive pulmonary disease and congestive heart failure, as well as other chronic diseases, and is a well-
recognized predictor of mortality. Older athletes or those with underlying medical conditions could benefit from exercise testing
for risk stratification and clearance to participate, as well as to help set their training zones and determine their functional
limitations.
Introduction

Exercise testing (ET) can be a valuable tool in the
assessment of patient functional capacity, diagnosis of
cardiopulmonary disease, and the prescription of exer-
cise and training. There are several different modes and
modalities available for ET that can provide different
types of information to the clinician to help patients/
athletes improve their fitness or cardiopulmonary sta-
tus. Through cardiopulmonary exercise testing (CPX),
ventilatory and gas exchange, as well as heart rate,
electrocardiogram, and blood pressures, are measured
to provide detailed information on the cardiovascular,
pulmonary, and muscular systems. The purpose of this
article is to review who needs ET, when the testing
should occur, which test to perform and why, and how
to apply this information in a practical manner.

What Is CPX?

Simply put, ET is used to evaluate the body’s reaction
to a measured exercise stress. Exercise can elicit car-
diovascular responses that may not be present at rest
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and can be used to assess the function of the cardio-
vascular system. The most important measure provided
by ET is functional capacity. ET can help determine
functional capacity by calculating the amount of
metabolic equivalents (METs) an individual can perform,
with 1 MET defined as an oxygen use of 3.5 mL O2/kg-
mindthe energy an average person expends seated at
rest.

The reliance on METs, however, significantly over-
estimates actual oxygen use [1,2]. This measure of ex-
ercise quantification is relatively simplistic and does not
provide much clinical utility. CPX allows a more
dependable assessment of function, as well as an ability
to provide prognostic or clinical information by the use
of ET with the addition of ventilator gas exchange. CPX
directly measures inhaled and exhaled ventilator gases
to determine the maximal oxygen uptake (VO2max),
which is a more accurate quantification of functional
capacity. This information can then be used for a better
functional evaluation in the clinical setting. Further-
more, CPX should be considered the gold standard in
evaluating the causes of exercise intolerance in patients
with pulmonary and cardiac disease [3].
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The lungs, heart, pulmonary, and systemic circula-
tions form a single circuit for the exchange of respira-
tory gases between the cells of the body and the
environment. Under steady-state conditions, oxygen
consumption and carbon dioxide output measured at the
mouth are equivalent to oxygen use and carbon dioxide
production at the cell. Therefore, external respiration
equals internal respiration [4]. CPX capitalizes on this
principle and measures the fraction of oxygen and car-
bon dioxide in expired gas and expired air volume,
which can then be used to determine oxygen con-
sumption (VO2) per unit time, carbon dioxide output
(VCO2), and minute ventilation (VE). From these mea-
sures, many clinically relevant parameters can be
determined.

ET should be conducted by trained personnel with
baseline knowledge of exercise physiology. The Amer-
ican Heart Association states, “Exercise testing of pa-
tients should be performed under the supervision of a
physician who is trained to conduct exercise tests.”
[5]. The degree of supervision needed will be deter-
mined by the testing facility and the risk level of the
patients. The American College of Sports Medicine
(ACSM) recommends that a physician does not need to
be present for a person of low risk (1 or fewer risk
factors) during ET [6]. In the case of moderate risk, a
physician should be present during maximal testing but
does not need to be present for submaximal testing. A
high-risk individual should have a physician present
during any ET [6]. It is recommended that persons
trained in Advanced Cardiac Life Support be available
during ET as up to 10 myocardial infarctions (MIs) can be
expected to occur per 10,000 testsdthis risk is greater
in those with previous history of coronary artery disease
or MI [7]. Although this number does not seem to be very
high, preparation will prevent an unnecessary death
during testing.

Equipment and Protocols

Performance of CPX requires the ability to measure 3
responses during inspiration and expiration: (1) the
concentration of O2; (2) the concentration of CO2; and
(3) a quantification of ventilation (usually VE, which
refers to both tidal volume and respiratory rate). This
measurement requires the patient to wear a facemask
that covers the mouth and nose or a mouthpiece and a
nose clip. CPX software systems can rapidly analyze the
inhaled and exhaled gases.

Although a wide variety of tests are available, the
best test is a symptom-limited, incremental test, which
typically occurs by a progressive increase in work rate at
a small fixed interval; however, newer, high-intensity
constant load tests also are being used increasingly.
The treadmill and the cycle ergometer are the most
commonly used devices for this ET, but other devices
also could be used. The treadmill is more commonly
used in the United States, whereas the cycle ergometer
is more used in Europe [8]. It is important to realize that
ergometer-based tests generally produce a lower peak
VO2, usually 15%-20% less than the treadmill, because of
o the use of a smaller total muscle mass [9].

Protocols generally involve a “warm-up” period with
an initial low load followed by a progressive increase in
effort required, typically with a stepwise progression
until maximal effort is reached, followed by a “cool-
down” or recovery period.

The most widely used treadmill protocol is the Bruce
protocol, first described by Robert Bruce in 1973 [10].
The Bruce protocol was developed as a clinical test to
evaluate patients with suspected coronary heart dis-
ease, although it can also be used to estimate cardio-
vascular fitness. The Bruce protocol is a standard test in
cardiology and is composed of multiple exercise stages
of 3 minutes each. At each stage, the gradient and
speed of the treadmill are elevated to increase work
output, called METs. Stage 1 of the Bruce protocol is
performed at 1.7 miles per hour (mph) and a 10%
gradient. Stage 2 is 2.5 mph and 12%, whereas Stage 3
goes to 3.4 mph and 14% [11,12]. The Bruce treadmill
test can be used indirectly to estimate VO2max by the
use of a formula when direct ventilator gas exchange
measurements are not available, thus making the test
very versatile.

Although the Bruce protocol is one of the protocols
most commonly used for ET, there are many other ex-
ercise protocols, one of which is the Balke protocol. In
contrast to the Bruce protocol, where the gradient and
the speed of the treadmill are increased each 3 mi-
nutes, in the Balke protocol, the speed remains con-
stant at 3.3 mph whereas the slope is increased by 1% at
each minute [13]. This gradual approach may be more
accurate because of the more steady increase in work
load; however, the test may take twice as much time to
reach maximal state. Finally, when VO2max is calcu-
lated by the use of a formula rather than with direct
measurements of oxygen consumption during the Bruce
protocol, it has been found that VO2max in undertrained
athletes is overestimated, whereas in well-trained ath-
letes it is underestimated [14].

Despite the popularity and widespread use of the
stepwise Bruce and Balke protocols, a ramp protocol
will more consistently achieve steady-state conditions
compared with other protocols [15]. Ramping protocols
generate almost-imperceptible increases in treadmill
speed every 15 seconds and permit increases in external
work to occur in a constant or continuous fashion. Thus,
increases in workload can be individualized through a
wide range of patient capabilities [16].

Regardless of what protocol is used for testing, the
protocol should be tailored to the individual to achieve
a level of fatigue that limits exercise within 8-12 mi-
nutes [8]. When the duration of the test is less than 6
minutes, a nonlinear relationship between VO2 and work
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rate may exist. When the test goes longer than 12 mi-
nutes, orthopedic factors, such as joint pain and fa-
tigue, may limit the ability to achieve a maximal heart
rate with prolonged exercise protocols [1]. The key is
that the exercise intensity should be individualized for
the fitness level and be task-specific for the clinical
concerns of the patients.

The exercise protocol should be terminated when
maximal heart rate is achieved; however, there are
other indications for terminating the protocol early for
the safety of the patient, such as moderate-to-severe
anginal symptoms, a decrease in systolic blood pres-
sure of >10 mm Hg from baseline despite an increase in
workload, ataxia, dizziness, near-syncope, signs of poor
perfusion, sustained arrhythmia such as ventricular
tachycardia, and/or ST-segment elevation on electro-
cardiogram [17]. Another indication to stop the test
early is the patient’s desire to stop. The Borg Rating of
Perceived Exertion Scale is a rating scale of perceived
exertion and may be useful to assess patient’s fatigue
and assist in assessing the patient’s functional capacity
[17].

Anaerobic Testing

Evaluation of the anaerobic energy systems is
important to the power athlete in events lasting 10-120
seconds. Although laboratory procedures would be the
best method of evaluation, it is often impractical for
testing athletic teams or large groups because of the
expense as well as the invasive (ie, blood draw, muscle
biopsies) nature of the activity. Therefore, tests of
performance have been developed that determine the
athletes’ power capacity or anaerobic capacity quickly
and easily. The Wingate Anaerobic Test is the most
popular laboratory performance test that evaluates
anaerobic energy system power and provides a fatigue
index based on the ability of the individual to sustain
peak power [18].

The Wingate Anaerobic Test requires the subject to
pedal a mechanically braked bicycle ergometer (an arm
ergometer also can be used), for 30 seconds, at an
“alleout” pace [9]. The Wingate Anaerobic Test will
provide values for peak power, relative peak power,
anaerobic fatigue, and anaerobic capacity. These re-
sults can then be compared with previous testing to
assess progress of a specific anaerobic or power training
plan.

Submaximal ET

Although maximal ET is considered the gold standard
for the assessment of maximal aerobic capacity, this
testing may be limited in those with medical conditions
that lead to pain and fatigue, such as neurologic or or-
thopedic conditions, which can limit a maximal effort
and therefore a maximal test. A maximal test has been
defined classically as achieving a heart rate of at least
85% the age-predicted maximal heart rate. Another way
to assess maximal ET is to monitor the respiratory ex-
change ratio (RER), which is the ratio of VCO2 to VO2. As
maximal aerobic capacity is achieved, the VO2 peaks
while the VCO2 increases. Although it is unclear why the
CO2 production accelerates at this point, it is thought to
be the result of CO2 being produced from bicarbonate
buffering of lactic acid production to maintain internal
homeostasis [19]. A high RER (�1.10) is consistent with
high patient exercise effort and maximal aerobic ca-
pacity [1]. Submaximal testing in CPX can be useful to
predict maximal heart rate or estimate VO2max in those
patients with functional limitations or inability to
perform a maximal effort test.

The ventilatory threshold (VT), also known as the
anaerobic threshold or lactate threshold, has utility as a
submaximal index of exercise capacity. Often, VT is a
more practical performance index for patients who may
be debilitated or unable to reach maximal limits. The VT
is considered to be fairly consistent with the person’s
ability to sustain daily activities, because exercising
beyond the VT for sustained periods eventually leads to
fatigue. Activities of daily living should not require
maximal effort, and the VT is useful in gauging the
functional benefits of therapy and ability to perform
activities of daily living. Exercise training can increase
the VT, whereas deconditioning decreases the VT. A VT
less than 11 mL/kg/min has been used to identify high
risk of perioperative death in elderly patients under-
going major surgery [2].

VT as the termination point for ET can be used to
extrapolate exercise ability and deconditioning and can
be a useful parameter in which to base an exercise
prescription [6]. The point at which the test was
terminated is used as the upper limit to the exercise
prescription. Heart rate reserve can increase over time
with an individualized exercise plan based on the VT
[20].

Key CPX Variables
Metabolic Equivalent
1 MET is equivalent to an oxygen use of 3.5 mL O2/kg-
min. Simple household activities, or light work, require
1.5-4 METs of energy to perform. Moderate work, such as
sexual activities, usually requires 3-6 METs, whereas
heavy work and high-energy sports require 5-15 METs [2].
Peak VO2 (VO2max)
VO2max is a well-established measure of exercise
performance that reflects the body’s maximal use of
oxygen. It is based on the Fick equation (VO2 ¼ CO �
[CO2 � CVO2]) and is a reliable and reproducible index
that can be modified with training or altered with



Table 1
Recommendations for exercise testing before beginning an exercise
program*

New or changing symptoms of cardiovascular disease
Two or more risk factors for cardiovascular disease
Age � 45 y in men
� 55 y in women
Family history of coronary artery disease or death age <55 y in first-
degree male relative or <65 in first-degree female relative

Cigarette smoking
Obesity
Hypertension
Hyperlipidemia
Sedentary lifestyle

Diabetes mellitus AND at least ONE of the following:
Age >35 y
> 10-y history of DM2 or > 15-y history of DM1
Hyperlipidemia
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cardiovascular or pulmonary conditions. During exer-
cise, VO2 increases linearly and when this rate of in-
crease plateaus, the peak VO2 has been obtained.
VO2max is commonly expressed in L/min; however, this
value increases as body mass increases, and therefore is
often normalized for body mass and expressed as mLO2/
kg-min. Peak VO2 is an important clinical measurement
because in healthy people it defines the limits of the
cardiopulmonary system. VO2max decreases with age,
and it decreases 8%-10% per decade in trained in-
dividuals who continue to train vigorously [21].
Furthermore, VO2max is approximately 10%-20% greater
in men than in women in part because of a greater he-
moglobin concentration, larger muscle mass, and a
greater cardiac stroke volume [10].
Hypertension
Smoking
VT (Anaerobic/Lactate Threshold)

Existing microvascular/peripheral arterial disease
Autonomic neuropathy

End-stage renal disease
Patients with symptomatic or diagnosed pulmonary disease (cystic
fibrosis, asthma, interstitial lung disease, COPD)

DM2 ¼ type 2 diabetes mellitus; DMI ¼ type 1 diabetes mellitus;
COPD ¼ chronic obstructive pulmonary disease.
* Data from Pescatello [28].
When metabolic demands exceed oxygen delivery to
working muscles, anaerobic metabolism ensues. As
anaerobic metabolism begins, the respiratory rate and
in turn the VE increases to help remove CO2 from the
blood stream. This can be detected by the individual as
breathlessness. In the laboratory, it is the point where
the lactate levels increase, VO2 peaks, and CO2 pro-
duction accelerates because of a faster rate of lactate
production and a shift from aerobic metabolism to
anaerobic metabolism [22]. The most common method
for determining the VT is the V-slope method, which
uses computer-based regression analysisdthis typically
occurs between 47% and 64% of VO2max in healthy un-
trained individuals and at greater percentage of VO2max
in trained athletes [23].
Respiratory Exchange Ratio
Table 2
Summary of ACC/AHA indications for ordering functional VO2 exercise
testing*

Classification† Indication

Class I Evaluation of exercise capacity and response to
therapy in candidates for heart transplant

Evaluation of exertional dyspnea
Class IIa Evaluation of exercise capacity when indicated

medically
Functional significance of valvular disease
Congenital heart disease, need for treatment/
RER is defined as the ratio of carbon dioxide output
and oxygen uptake (VCO2/VO2). The RER represents the
metabolic exchange of gases in the body’s tissues.
During CPX, the RER provides a physiological context to
substantiate that a high exercise effort has been ach-
ieved. RER increases with exercise as exhaled CO2 in-
creases; an RER > 1.10 is a criterion that can be used to
determine that the peak VO2 reflects a peak physiolog-
ical workload. A VO2 in the context of a low RER may be
a significant underestimate of exercise capacity [24,25].
repair
Class IIb Evaluation of response to medical and surgical

interventions
Oxygen Pulse
Determine intensity for exercise training as part of
cardiac rehab

Class III Routine evaluation of exercise capacity

ACC ¼ American College of Cardiology; AHA ¼ American Heart Asso-
ciation; VO2 ¼ oxygen consumption.
* Data from Gibbons [17].
† Per ACC/AHA classification system, with class I indicating evidence

usefulness, class II has conflicting evidence with IIa weighing in favor
of usefulness, IIb less well established, and class III indicating the test
is not useful and may be harmful.
The amount of oxygen consumed from the volume of
blood delivered to the tissues per heart beat is the ox-
ygen pulse. It is calculated by dividing the VO2max by
the peak heart rate and is expressed as mL O2 per
heartbeat. It is essentially an index of O2 extraction in
association with stroke volume and can function as a
reasonable surrogate for stroke volume. The oxygen
pulse tends to be reduced in conditions that impair
stroke volume during peak exercise, such as left ven-
tricular dysfunction, congestive heart failure, severe
valvular disease, coronary heart disease, or chronic
obstructive pulmonary disease [26].
Physiological Reserve
Physiological reserve is composed of heart rate
reserve and ventilatory reserve. Heart rate reserve is



Anaerobic threshold (AT) obesity    anxiety     mild dx*

(Circulatory insufϐiciency)

Breathing reserve Breathing reserve 

Mixed circulatory Circulatory Ventilatory       coronary    deconditioned       poor
and respiratory lesion             lesion lesion                dx effort

Peak VO2

Low
(<30% predicted)

Low
(<30% predicted)

Low
(<85% predicted)

Low
(<40% predicted)

Normal
(≥85% predicted)

Normal
(≥30% predicted)

Normal
(≥60% predicted)

Normal
(≥30% predicted)

Figure 1. Cardiopulmonary testing for exertional dyspnea. *dx ¼ disease. Algorithm modified from Neuberg [27].
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the difference between maximal heart rate and resting
heart rate. Maximal heart rate is calculated using 220
minus age. The patient should ideally achieve 85% of
this predicted heart rate reserve during stress testing
[2]. In contrast, the ventilatory reserve in healthy sub-
jects cannot be less than 20% and is typically 30%-50%.
This can be determined before the ET by performing
baseline spirometry to include maximum minute venti-
lation [27].
Table 3
Other potential indications for exercise testing*

Evaluation for exertional dyspnea
Direct measure of functional capacity
Risk stratification and prognosis for congestive heart failure
Disability determination/readiness for work
Assess response to medical or surgical treatments
Development of an exercise prescription

* Reprinted from Mayo Clin Proc, Vol 81, Milani RV, Lavie CJ, Mehra
MR, et al, Understanding the basics of cardiopulmonary exercise
testing, Pages 1603-1611, Copyright 2006, with permission from
Elsevier [2].
Who Needs ET?

Metabolic derangements can occur at multiple sites
within the body to include muscles, circulatory system,
and pulmonary system. CPX can help differentiate
causes of low fitness from cardiac or pulmonary pro-
cesses and may be used to provide prognostic informa-
tion to those with chronic diseases. The ACSM provides
indications for ET for individuals with risk factors before
they begin an exercise program, which are listed in
Table 1 [28]. The American College of Cardiology/
American Heart Association Update of Practice Guide-
lines for Exercise Testing list the indications for ordering
a functional VO2 exercise test, or CPX, for those
with cardiac disease (Table 2) [17]. CPX should be
considered the gold standard for evaluating maximal/
symptom-limited exercise in patients with pulmonary
or cardiac disease [3]. CPX can provide an objective
measure of exercise tolerance, establish a baseline for
patient’s prognosis, and monitor disease progression or
the response to intervention. Exercise tolerance is a
well-recognized predictor of mortality in subjects of all
ages [29]. Finally, exercise tolerance has become an
important outcome measure in patients with chronic
obstructive pulmonary disease, congestive heart fail-
ure, and other chronic diseases.

From a clinical standpoint, CPX provides the ideal
modality to evaluate causes of exertional dyspnea and
fatigue, especially in complex cases in which the etiol-
ogy could be cardiac, pulmonary, or simple decondi-
tioning (Figure 1). The addition of gas analysis from CPX
over standard ET provides valuable information and al-
lows for identification of possible deficiencies in the
system responsible for the symptomology.

Exercise intolerance is a primary symptom in heart
failure, which varies with the severity of disease.
Decreased exercise capacity is associated with a greater
New York Heart Association functional class, worse
symptoms, poorer quality of life, and decreased life
expectancy [30]. Exercise training, at the appropriate



Table 4
Absolute and relative contraindications to CPX*

Absolute Relative

Acute myocardial infarction
(<72 h)

Left main coronary stenosis

High-risk unstable angina Moderate valvular stenosis
Uncontrolled symptomatic
arrhythmias

Severe uncontrolled hypertension

Active endocarditis,
myocarditis, pericarditis

Tachyarrhythmias or bradyarrhythmias
(includes nonrate-controlled
atrial fibrillation)

Severe symptomatic aortic
stenosis

High-degree AV block

Decompensated symptomatic
heart failure

Hypertrophic cardiomyopathy

Acute pulmonary embolus
Mental or medical condition
leading to inability to
cooperate or consent

CPX ¼ cardiopulmonary exercise testing; AV ¼ atrioventricular.
* Data from the American Thoracic Society/American College of

Chest Physicians Statement on Cardiopulmonary testing and the
American Heart Association Scientific Statement [17,34,36].
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intensity, will increase functional capacity and quality
of life and may prolong survival [31]. Many studies in
heart failure have demonstrated the ability of ET to
provide valuable prognostic information for patients.
Patients with heart failure with a VO2max of less than
14.5 mL/kg had double the mortality rate as those with
a VO2max greater than 14.5 mL/kg [32]. Further,
transplantation can be deferred in those patients with a
VO2max greater than 14 mL/kg, as the survival of those
with greater than 14 mL/kg was higher than those who
underwent transplantation [33].

Older athletes or those with underlying medical dis-
ease could benefit from ET for risk stratification and
clearance to participate, as well as to allow them to set
their training zones, and to determine what their
functional limitations are [34,35]. In addition, CPX may
help different causes of low fitness from cardiac or
pulmonary causes.

CPX also has become an important part of the work-
up for patients being processed for disability claims.
With standard ET, the patient may claim fatigue or
disability, but the addition of CPX will help to determine
whether an appropriate RER was achieved and therefore
Table 5
Training zones based on exercise testing results*

Zone Training Effect Purpose

1 Active recovery Recovery
2 Aerobic threshold Aerobic endurance
3 Tempo Preparation and base
4 Sublactate threshold Further develop base
5a Anaerobic threshold Improve VO2max
5b Anaerobic endurance Increase anaerobic tolerance
5c Anaerobic capacity High-end sprinting

VO2 max ¼ maximal oxygen uptake; VT ¼ ventilatory threshold; HR ¼ hea
* Data from Friel [35].
if the patient gave an appropriate effort. If a high RER
was not achieved, it may indicate malingering or inad-
equate effort [15]. Table 3 lists these other potential
indications for ET.

What are the Contradictions to ET?

There are some absolute contraindications to ET.
Uncontrolled arrhythmia, unstable angina, and severe
aortic stenosis would preclude ET until the patient is
medically stable [17,36]. Relative contraindications
included hypertrophic cardiomyopathy, moderate
valvular stenosis, previous history of MI or coronary ar-
tery disease, and/or history of sudden cardiac death in a
first-degree relative (Table 4). When assessing someone
with a relative contraindication, it is important to weigh
the risk of the procedure versus the benefit of the in-
formation gained; patients with these relative contra-
indications can still undergo testing with proper
preparation and with appropriately trained staff [17]. A
trained physician in ET should be present for the en-
tirety of the test, and persons trained in Advanced
Cardiac Life Support should be available during testing
time. CPX may be particularly beneficial to these pa-
tients, because it can help distinguish the extent of
exercise limitation as the result of cardiac, pulmonary,
or other etiology [17,34].

Using CPX to Prescribe Exercise or Training

The exercise prescription is an individualized pro-
gram for exercise which is given to the patient much like
a prescription for medication. Each exercise prescrip-
tion has 4 essential components: frequency, intensity,
time (duration), and type of exercise (F.I.T.T); The
ACSM recommends these F.I.T.T. guidelines for cardio-
vascular exercise [6]. For cardiovascular benefits, they
recommend a frequency of 3-5 times per week, an in-
tensity of 65%-85% of maximal heart rate, and a duration
of 20-60 minutes per session. Use of the F.I.T.T. guide-
lines is an easy way to prescribe exercise to most
people.

With the addition of ET, it is possible to provide a
more individualized exercise prescription based on the
%VO2max % VT (run) % VT (bike) % Max HR

55%-65% <85% <81% 60%-70%
66%-75% 85%-89% 81%-89% 71%-75%
76%-80% 90%-94% 90%-93% 76%-80%
81%-90% 95%-99% 94%-99% 81%-90%
91%-93% 100%-102% 100%-102% 91%-93%
94%-98% 103%-106% 103%-106% 94%-98%
98%-100% >106% >106% 98%-100%

rt rate.
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current fitness level and desired fitness goal. There are
several ways to choose target heart rate to guide ex-
ercise intensity: percent of maximal heart rate (MHR),
heart rate reserve (HRR), or a direct determination. The
2 methods most commonly used are percent of MHR or
percentage HRR. To set the target heart rate using
the percent of MHR, the formula is target heart rate
(HR) ¼ MHR � % intensity. To use heart rate reserve, the
formula is target HR ¼ (MHR-resting HR) � % intensity þ
resting HR. Heart rate reserve is a more accurate esti-
mate of energy expenditure as it takes into account the
range of working heart rate. This is because the MHR
method does not account for resting heart rate and
assumes that the lower range of heart rate is zero. This
discrepancy can result in a large difference when used
for lower intensities; however, it becomes less apparent
at near maximal intensity [1].

For high-level fitness, many athletes choose to use
percentage of VO2max or percentage of ventilatory
(lactate) threshold to set their training zones (Table 5).
Each zone carries its own benefits and purpose for the
defined workout and can be used by an athlete or a
coach to produce specific fitness gains [35].
Sports Medicine Applications

CPX can be used to assess components of exercise
performance with respect to aerobic versus anaerobic
metabolism, such that performance or training can be
evaluated. At workloads below VT, blood lactate levels
should remain low and the aerobic metabolism is pre-
dominately used. In contrast, competitive athletes
improve performance by adding several weekly work-
outs at levels above VT to improve their oxidative
capacity.
Conclusion

CPX is a valuable tool in the assessment of patient
functional capacity, diagnosis of cardiopulmonary dis-
ease, and in the prescription of exercise and training
regimens. Through CPX, ventilatory and gas exchange as
well as the conventional measurements of heart rate,
electrocardiogram, and blood pressure are measured
during exercise stress testing, thus providing detailed
information on the cardiovascular, pulmonary, and
muscular systems. This allows for more precise diag-
nostic capabilities, which in turn can be used to deter-
mine an exercise prescription for the patient and/or
athlete. Exercise prescriptions can be used in a variety
of situations, from the professional athlete to reach
specific fitness goals to the patient with heart failure to
perform activities of daily living. CPX has a variety of
applications and is an invaluable tool to understanding
lung, cardiac, and muscular contribution to exercise and
exercise tolerance.
References

1. Forman DE, Myers J, Lavie CJ, et al. Cardiopulmonary testing:
Relevant but underused. Postgrad Med 2010;122:68-86.

2. Milani RV, Lavie CJ, Mehra MR, et al. Understanding the basics
of cardiopulmonary exercise testing. Mayo Clin Proc 2006;81:
1603-1611.

3. Palange P, Ward SA, Carlsen KH, et al. Recommendations on the
use of exercise testing in clinical practice. Eur Respir J 2007;29:
185-209.

4. Weber KT, Janicki JS, Shroff SG, et al. The cardiopulmonary
unit: The body’s gas transport system. Clin Chest Med 1983;4:
101-110.

5. Balady GJ, Arena R, Sietsema K, et al. AHA Scientific Statement:
Clinician’s guide to cardiopulmonary exercising testing in adults. A
scientific statement from the American Heart Association. Circu-
lation 2010;122:191-225.

6. American College of Sports Medicine (ACSM). ACSM’s Guidelines for
Exercise Testing and Prescription. Philadelphia, PA: Lippincott
Williams & Wilkins; 2010; 286-299.

7. Gibbons LW, Mitchell TL, Gonzalez V. The safety of exercise
testing. Prim Care 1994;21:611-629.

8. Arena R, Myers J, Williams MA, et al. American Heart Associ-
ation Committee on Exercise: Rehabilitation and Prevention of
the Council of Clinical Cardiology: American Heart Association
Council on Cardiovascular Nursing. Assessment of functional
capacity in clinical and research settings. A scientific statement
from the American Heart Association Committee on Education,
Rehabilitation, and Cardiovascular Nursing. Circulation 2007;
116:329-343.

9. Lockwood PA, Yoder JE, Deuster PA. Comparison and cross-
validation of cycle ergometry estimates of VO2 max. Med Sci
Sports Exerc 1997;29:1513-1520.

10. Bruce RA, Kusumi F, Hosmer D. Maximal oxygen intake and
nomographic assessment of functional aerobic impairment in
cardiovascular disease. Am Heart J 1973;85:546-562.

11. Wilmore JH, Costill DL. Physiology of Sport and Exercise. 3rd ed.
Champaign, IL: Human Kinetics; 2005.

12. Heyward V, Gibson A. Advanced Fitness Assessment & Exercise
Prescription. 3rd ed. Dallas, TX: The Cooper Institute for Aerobics
Research; 1998.

13. Balke B, Ware RW. An experimental study of physical fitness of Air
Force personnel. U.S Armed Forces Med J 1959;10:675.

14. Milani RV, Lavie CJ, Mehra MR. Cardiopulmonary exercise testing:
How do we differentiate the cause of dyspnea? Circulation 2004;
110:e25-e31.

15. Myers J, Buchanan N, Walsh D, et al. Comparison of ramp versus
standard exercise protocols. J Am Coll Cardiol 1991;17:1334-1342.

16. Myers J, Bellin D. Ramp exercise protocols for clinical and car-
diopulmonary exercise testing. Sports Med 2000;30:23-29.

17. Gibbons RJ, Balady GJ, Bricker JT, et al. ACC/AHA 2002 guideline
update for exercise testing: A report of the American College of
Cardiology/American Heart Association Task Force on practice
Guidelines (Committee on Exercise Testing). ACC/AHA Practice
Guidelines. Circulation 2002;106:1883-1892.

18. Vandewalle H, Pers G, Monod H. Standard anaerobic exercise
tests. Sports Med 1987;4:268-289.

19. Arena R, Sietsema KE. Cardiopulmonary exercise testing in the
clinical evaluation of patients with heart and lung disease. Cir-
culation 2011;123:668-680.

20. Myers J, Goldsmith RL, Keteyian SJ, et al. The ventilatory anaer-
obic threshold in heart failure: A multicenter evaluation of reli-
ability. J Card Fail 2010;16:76-83.

21. Fleg JL, Pina IL, Balady GJ, et al. Assessment of functional ca-
pacity in clinical and research applications: An advisory from the
Committee on Exercise, Rehabilitation, and Prevention, Council on
Clinical Cardiology, American Heart Association. Circulation 2000;
102:1591-1597.

http://refhub.elsevier.com/S1934-1482(15)01155-7/sref1
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref1
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref2
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref2
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref2
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref3
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref3
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref3
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref4
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref4
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref4
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref5
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref5
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref5
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref5
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref6
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref6
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref6
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref7
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref7
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref8
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref9
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref9
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref9
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref10
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref10
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref10
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref11
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref11
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref12
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref12
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref12
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref13
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref13
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref14
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref14
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref14
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref15
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref15
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref16
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref16
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref17
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref17
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref17
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref17
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref17
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref18
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref18
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref19
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref19
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref19
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref20
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref20
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref20
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref21
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref21
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref21
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref21
http://refhub.elsevier.com/S1934-1482(15)01155-7/sref21


S23N. Nelson, C.A. Asplund / PM R 8 (2016) S16-S23
22. Conconi F, Ferrari M, Ziglio PG, et al. Determination of the
anaerobic threshold by a noninvasive field test in runners. J Appl
Physiol Respir Environ Exerc Physiol 1982;52:869-873.

23. Wasserman K, Hansen JE, Sue DY, Whipp BJ, Casaburi R. Principles
of Exercise Testing and Interpretation. 3rd ed. Philadelphia, PA:
Lea & Febiger; 1999; 17-61, 153e154.
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