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Abstract 
Both exercise duration and metabolic equivalent give an idea about the effort tolerance of the patient. 

Effort tolerance depends on several factors e.g. cardiac status, pulmonary status, neuromuscular 

status, psychological status, physical conditioning, age, sex, haemoglobin concentration etc. 

Therefore, diminished effort tolerance alone, in absence of other evidence, can not be taken as an 

indication of the presence or severity of coronary artery disease or left ventricular dysfunction. 

Regression equations used for calculation of metabolic equivalent (MET) include speed and 

inclination of the treadmill (stage of particular protocol) in addition to the duration of exercise. MET, 

therefore, gives a more correct impression about the workload achieved by a given patient. For the 

same reason, MET is useful for comparing the reports of different treadmill tests performed by 

different protocols at different times. It helps in assessing the progression of the disease. Regression 

equations used by most of the conventional treadmill systems do not include other factors that affect 

effort tolerance. These include the age, sex, and weight of the patient. This is an important limitation. 
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Duration of exercise 
 

It reflects the functional capacity of the patient. 

 

(a) Factors affecting exercise duration: 

Exercise duration depends on several factors 

including physical conditioning, level of 

exercise training, comorbidities (e.g. 

respiratory insufficiency, neuromuscular 

disease, anaemia), left ventricular functions at 

rest or during exercise, psychological status of 

patient (e.g. anxiety, fear of walking an a 

moving platform, depression) and 

environmental conditions in the exercising 

laboratory [1,2]. 
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(b) Clinical significance of exercise duration: 

Exercise duration, in general, is a good 

predictor of overall prognosis [3,4,5]. However, 

there are some limitations. Firstly, it does not 

hold true if there is evidence of significant 

myocardial ischemia by any other criteria e.g. 

more than 2 mm of ST-segment depression 

during a treadmill test [6]. Such patients are 

likely to have a poor prognosis even if exercise 

duration is reasonable at the time of treadmill 

testing. This disparity occurs because even after 

reaching maximum capacity, cardiac patients 

may use anaerobic metabolism to continue 

exercising [7]. Secondly, it is a weaker 

predictor of death in elderly individuals than in 

younger individuals when stress testing [8] is 

performed at an older age, and therefore, be 

considered a negative prognostic factor. 

Thirdly, exercise duration depends on the 

workload. Workload varies depending upon the 

protocol used for the treadmill test. Therefore 

patients may have differences in the duration of 

exercise in spite of similar disability, depending 

on the type of protocol. 

 

Decreased exercise duration alone, in the 

absence of other evidence, can not be taken as 

a criteria to diagnose the presence of coronary 

artery disease or myocardial ischemia. This is 

because of the fact that exercise duration is 

affected by several factors other than 

myocardial ischemia. The presence of other 

evidence of myocardial ischemia, decreased 

duration of exercise may correlate with the 

severity of myocardial ischemia, left ventricular 

dysfunction at rest or during exercise. 

Decreased duration of exercise can suggest a 

greater degree of myocardial ischemia than that 

assessed by electrocardiographic criteria alone. 

In the case of documented coronary artery 

disease, decreased duration of exercise may 

correlate with an adverse prognosis. 

 

Metabolic Equivalent (MET) 

 

The MET is also a measure of exercise capacity 

or workload during exercise. It represents the 

maximum oxygen consumption at a given time 

during an exercise test [9]. One MET is equal to 

the resting metabolic rate which is equal to 0.5 

ml of oxygen consumption/Kg/ minute while 

sitting [10]. Maximal oxygen consumption is 

expressed as ml/kg/minute to allow a 

meaningful comparison of maximal oxygen 

consumption between individuals of different 

body weights [11].  

 

(a) Estimation of MET: Ideally, MET can be 

derived by dividing the directly measured 

maximum oxygen consumption by 3.5. In a 

routine treadmill test, MET is estimated by 

software, built into the computer system, 

depending on the duration of exercise (in 

seconds) [12]. (Figure: 1,2) In addition to the 

duration of exercise, maximal oxygen 

consumption is also affected by age, gender and 

body weight. With advancing age, maximum 

oxygen consumption declines by 

approximately 10% per decade in older adults 

[13]. This is due to decreasing muscle mass, 

maximum heart rate and stroke volume [13,14]. 

Maximal oxygen consumption is 10 to 20% 

higher in men than in women at any age. This 

is in part because of a greater muscle mass, a 

higher haemoglobin concentration and a large 

stroke volume [13]. Heavy persons have to lift 

their greater weight while walking/running. 

Obese persons, therefore, consume more 

oxygen [15]. Various regression equations are 

used for the calculation of METs at various 

stages of different protocols [16]. (Figure: 3,4) 

Regression equations used for calculation of 

METs in most of the conventional treadmill 

systems include only exercise duration [10]. 

Age, gender, exercise habits, heredity and body 

weight are not included in the regression 

equations [10] (Figure: 5,6). 

 

(b) Other factors affecting maximal oxygen 

consumption during the treadmill test: 

Running requires more oxygen than walking 

[10,17]. Long stride length requires more 

oxygen [10,16]. The tight grip on the handrail 

reduces oxygen uptake [13]. Hyperventilation 

from anxiety increases oxygen consumption 

[18]. Patients with lower haemoglobin have 

lower oxygen consumption [18]. Patients with 

pulmonary disease have lower maximum 
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oxygen consumption.18 Maximal oxygen 

consumption is approximately 10% lower 

during bicycle ergometry testing compared to 

treadmill testing due to smaller muscle groups 

used for bicycle exercise [19]. These variables 

are not incorporated in regression equations 

used by the software of treadmill test systems 

[10]. METs, therefore, gives only a rough guide 

of maximal oxygen consumption [10,20]. 

 

(c) Clinical significance of METs: Mets 

achieved on a treadmill test correlate with all-

cause mortality [21,22]. Different exercise 

protocols produce different magnitudes of 

workload for the same duration of exercise 

[15,23]. Increased duration of exercise on a 

protocol that gives less stress may result in 

underestimation of a workload. METs allow a 

comparison of the performance of an exercise 

test using different protocols, independent of 

exercise duration [10]. It, therefore, provides a 

common measure of the performance 

regardless of the exercise test protocol [2]. Thus 

the value of METs allows the comparison of 

treadmill test to be performed at different times 

in different laboratories. Thus it can help in the 

evaluation of the progression of the disease. 

 

 

 

 

 

Figure 1: Summary table of treadmill test using Bruce protocol showing the increasing value of 

METs with increasing duration of exercise (phase time), speed and grade (inclination). 
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Figure 2: Summary table of treadmill test using Bruce protocol showing the increasing value of 

METs with increasing duration of exercise (phase time) during same stage (constant speed and grade). 

 
 

Figure 3: Summary tables of treadmill tests from same patients (a) using Bruce protocol and (b) using 

modified Bruce protocol showing lower values of METs in modified Bruce protocol (lower treadmill 

speed and lower grade (inclination) for the same duration of exercise (phase time). This shows that the 

software used by the treadmill system uses different regression equations for different protocols. 
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Figure 4: Summary tables of treadmill tests from two patients (a) using Bruce protocol and (b) using 

modified Bruce protocol showing lower values of METs in modified Bruce protocol even when the 

duration of exercise (phase time) is more. It also shows that the software used by the treadmill system 

uses different regression equations for different protocols. 
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Figure 5: Summary tables of treadmill test from two patients of different age and sex using Bruce 

Protocol (a) 26 years male (b) 61 years female, showing the same value of METs (7.1) for the same 

duration (phase time) of exercise. This shows that the regression equation used by the treadmill 

system does not include age and sex. 
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Figure 6: Summary tables of treadmill tests from two patients of different weight and BMI using 

Bruce protocol (a) height 163 cm, weight 82 Kg, BMI-31 (b) height 162 cm, weight 52 Kg, BMI-20, 

showing the same value of METs for same duration (phase time) of exercise. This shows that the 

regression equation used by the treadmill system does not include the weight of the patient. 
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Figure 7: Summary table of treadmill test showing MET value of 13.5.  

 

Maximum oxygen consumption = (Heart rate x 

Stroke volume) x Arterial - mixed venous 

oxygen difference. As arterio-venous oxygen 

difference is not markedly impaired by heart 

disease, maximum oxygen consumption 

(indirectly METs) is linearly related to 

maximum cardiac output. Therefore, METs 

achieved can be used to estimate the functional 

severity of heart disease [10]. Resting left 

ventricular dysfunction or the amount of further 

left ventricular dysfunction induced by exercise 

which can result in lower value of MET [2]. As 

several factors affect the value of MET 

achieved by the patient, the low value of MET 

alone in the absence of other evidence, can not 

be used to diagnose the presence of myocardial 

ischemia. In a case with other definitive 

evidence of myocardial ischemia, a lower value 

of MET achieved during a symptom-limited 

maximal stress test may correlate with resting 

left ventricular dysfunction or the severity of 

ischemia-induced left ventricular dysfunction. 

 

A maximum MET value of <5 METs suggests 

a poor prognosis [2]. A value of 10 METs 

suggests prognosis with medical therapy as 

good as with coronary artery bypass surgery 

[24]. A value of 13 METs (Figure: 7) suggests 

an excellent prognosis regardless of other 

exercise responses [25]. Stress imaging studies 

provide no added prognostic information for 

patients who achieve a workload of 10 or more 

METs during exercise testing [24-26]. A major 

or sudden reduction in MET level should 

suggest further evaluation [28]. 

 

Metabolic equivalents and cardiopulmonary 

function 

 

Functional capacity (METs) correlates with 

maximum oxygen consumption and indirectly 

with cardiopulmonary functions provided there 

are no other confounding factors as anaemia or 

arterial desaturation , Higher values of MET 

suggest better cardiopulmonary function. 

However, it’s use in clinical care is limited [29] 

because of several variables affecting the value 

of MET. Functional capacity is lower in women 
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and decreases with age in both genders [13]. 

For example, a value of six METs in a 30- year- 

old male suggests relatively poor 

cardiopulmonary function then the same value 

in a 50- year- old female. Maximum oxygen 

consumption also depends on weight of an 

individual [13]. Therefore, a particular value of 

MET in an obese person suggest better 

cardiopulmonary function then similar value of 

MET in a lean person. Maximal oxygen 

consumption increase linearly with increasing 

duration of exercise [12]. However, during 

conventional treadmill testing, value of MET 

increases only with the change of stage. For 

example, MET value will be the same for a 

person whose exercise durations is 3 minutes 

and 2 seconds as compared to another person 

who has exercised for 5 minutes and 59 

seconds. Cardiopulmonary functions of the 

second person are certainly better than those of 

the first person although both show the same 

value of MET. Another limitations of MET in 

relation to cardiopulmonary function is that 

some persons may continue exercise even after 

reaching their maximal aerobic capacity by 

using anaerobic metabolism [7]. For this 

reason, there can be significant difference in 

actual maximal oxygen consumption and METs 

calculated by the software of the treadmill 

systems [10,31]. Maximal oxygen consumption 

also depends on muscle mass [12]. Persons with 

higher muscle mass have higher oxygen 

consumption then those with lower muscle 

mass. Muscle mass is also not included in the 

regression equations used for calculation of 

MET. Therefore, for the same value of MET, a 

person with greater muscle mass has better 

cardiopulmonary functions. 

 

Conclusion 

 

Both exercise duration and METs give an 

impression about the effort tolerance of the 

patient. Regression equations for the 

calculation of METs also include speed and 

inclination of the treadmill (stage of protocol) 

in addition to the duration of exercise. METs, 

therefore, give a more correct impression about 

the workload achieved by the patient. For the 

same reason, METs is useful for comparing the 

findings from performed treadmill tests using 

different protocols at different times.  
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