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Abstract
This review describes oxygen consumption, 
both in terms of a goal of weight management 
and aerobic training.  It introduces excess post-
exercise oxygen consumption (EPOC) and the 
benefits that can come from it. EPOC can aid in 
weight management as a means to continue to 
expend energy even after exercise has ceased. 
This review also discusses the many deter-
minants of EPOC and analyzes the effects of 
various conditions on the elevated consumption.  
Such conditions include duration and intensity of 
exercise, training status, and supplementation. 
Later discussed are the possible underlying 
mechanisms and how they are responsible for 
EPOC. Although they have yet to be well-under-
stood, these mechanisms provide insight into 
how EPOC is facilitated and why it occurs at all. 
More research is being conducted in attempts to 
better understand this concept and how EPOC 
can be advantageous to our human health.

Consistent aerobic exercise leads to many 
health benefits such as a positive impact on 
blood lipid levels and blood pressure, as well 
as increased energy expenditure for healthy 
weight management. Additionally, regular 
aerobic exercise can positively affect mental 
health, such as reducing depression and anxiety 
(Mersy, 1991). In general, aerobic exercise 
decreases the risk of the development of cardio-
vascular disorders, or disorders that affect the 
heart, blood vessels, or both. Given the signif-
icant burden of cardiovascular disease, aerobic 
exercise is a commonly prescribed lifestyle 
modification and is therefore important to fully 
understand.   

Regular aerobic exercise causes the body to 
increase its oxygen consumption, otherwise 
known as its VO2. The consumption of oxygen 
fuels mitochondrial activity within muscle cells 
to produce ATP, the primary energy currency 
of all cells. During exercise, increased ATP is 
necessary in order to fuel contraction-relax-
ation cycles of muscles that together allow for 
body movement. With prolonged activity, the 
substrate for oxidative metabolism can come 
from stored energy sources, promoting weight 
loss. Ultimately it is the mass balance of energy 
intake versus energy expenditure that deter-
mines whether one will gain, lose, or maintain 
weight.

Exercise and Energy Expenditure
Overview
Given the hemodynamic and metabolic effects 
that aerobic exercise has on the body, there 
are two main reasons people engage in aerobic 
exercise. Some are simply looking to regulate or 
lose weight (Casazza, 2013), and aim to increase 
total energy expenditure in order to achieve net 
negative energy balance. However, others are 
high-performance athletes who depend on their 
ability to efficiently consume oxygen in order 
to perform the most work possible, or maintain 
high intensity levels. The ability to consume a 
lesser amount of oxygen to perform the same 
activities is advantageous for these athletes.   
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Oxygen Consumption
The most efficient and most lucrative energy-
producing pathway is aerobic metabolism, which 
uses oxygen to produce ATP. Aerobic exercise 
has been shown to improve cardiovascular 
structure and function while increasing energy 
expenditure and psychological benefit (Fletcher, 
1996). When aerobic exercise is performed, VO2 
increases to provide the substrate for energy 
production. VO2max, the maximal VO2 achieved 
during progressive-intensity exercise, is a 
measure of aerobic capacity. A variety of factors 
can impact VO2max including age (Fleg, 1988), 
sex (Hutchinson, 1991), training status (Sedlock, 
1994; Caputo, 2004), environmental condition 
(Sawka, 1985) and supplementation (Brilla, 
1990). Further, often times, submaximal exercise 
is quantified relative to one’s VO2max. Thus, in 
many ways, exercise and oxygen consumption 
are intimately related.  

Excess Post-Exercise Oxygen  
Consumption
Overview
When exercise occurs, the demand for oxygen 
immediately rises, while the increase in oxygen 
consumption is somewhat delayed. Thus, an 
oxygen deficit is created in which the body’s 
amount of oxygen consumption does not match 
the demand driving ATP production. Eventually, 
steady-state conditions are reached whereby 
the supply and demand is well-matched. Upon 
cessation of exercise, the demand for oxygen 
immediately declines. However, VO2 remains 
elevated even after the exercise is over. It is 
thought that this excess post-exercise oxygen 
consumption (EPOC) occurs in order to make up 
for the inadequate oxygen consumption at the 
beginning of exercise. EPOC can be especially 
useful in weight control (Baum, 2008), but the 
specific mechanisms that facilitate prolonged 
EPOC remain unknown (Børsheim, 2003).

The Effect of Duration and Intensity
Both the duration and intensity of a given 
exercise bout, and the steady-state VO2 levels 
reached can impact EPOC.  Intensity of exercise 
has been shown to affect both duration and 
magnitude of EPOC, whereas exercise duration 
only affects duration of EPOC (Sedlock, 1989). 
Average EPOC after high-intensity exercise 
is higher than at low-intensity, and at the end  

of a 3-hour period, EPOC remained elevated after 
high-intensity but not low-intensity exercise 
(Phelain, 1997).

Additionally, multiple, shorter bouts of exercise 
produce a greater EPOC response than one 
longer, continuous bout.  Subjects cycling at 70% 
VO2max twice for 15 minutes produce a greater 
magnitude of EPOC after the two bouts than 
those cycling once for 30 minutes, as seen in 
Figure 1 (Almuzaini, 1998). Therefore, repeated 
shorter bouts of exercise are more beneficial to 
those trying to lose or regulate weight than a 
longer, continuous bout. 

The Effect of Training Status
It is difficult to examine the effect of training 
on EPOC response due to the differences in 
relative and absolute workloads between trained 
and untrained individuals. When the two groups 
work at the same relative workload, the absolute 
workloads differ and vice versa. When trained 
and untrained males exercised at the same 
relative workload of 50% VO2max until the same 
energy expenditure was reached, no difference 
in the magnitude or duration of the resultant 
EPOC was observed (Sedlock, 1994). The diffi-
culty of determining direct impacts of various 
conditions (training, environmental, supplement, 
etc.) on EPOC is that many of these conditions 
impact the intensity (relative to VO2max) of the 
exercise bouts themselves. Thus, dissociating 
the direct impacts on EPOC versus the impact  
of the initial exercise but has proved difficult.

HEALTH SCIENCE

Figure 1. The differences in magnitude of EPOC between split and  
continuous exercise bouts. (Almuzaini, K.S., Potteiger, J.A., & Green, S.B. 
(1998). Effects of split exercise sessions on excess postexercise oxygen 
consumption and resting metabolic rate. Canadian Journal of Applied  
Physiology, 23(5), 433-443. © Canadian Science Publishing or its licensors.)
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Mechanistic Properties of EPOC
Rapid EPOC observed soon after the end of 
exercise can be attributed to a number of under-
lying mechanisms in the body. During exercise, 
oxygen deficits are created due to the widespread 
demand of this substrate. The oxygen consumed 
post-exercise is used to metabolize lactate to 
produce energy in the mitochondria and to 
replenish the depleted oxygen levels in skeletal 
muscle and blood (Gaesser, 1984).  

During exercise, the amount of ATP and creatine 
phosphate in the blood deplete significantly, but 
they are replenished in the recovery period when 
VO2 is elevated. Also during recovery, the 70% of 
lactate accumulated in the muscles is removed 
and released into the blood, further producing 
energy (Bangsbo, 1990).  

Prolonged EPOC is not yet well-understood, 
but the elevated levels of ventilation and circu-
lation, as well as an increased heart rate, can 
contribute (Bahr, 1992). The oxygen consumed 
post-exercise is important in order to return the 
body to its resting state. A possible mechanism 
for prolonged EPOC is ß-adrenergic stimu-
lation (Børsheim, 1998). Catecholamines such 
as epinephrine and norepinephrine are elevated 
in the bloodstream during exercise. Energy 
expenditure is stimulated by catecholamines, 
through these ß-adrenoreceptors. It takes time 
for these catecholamine levels to return to 
baseline following the end of exercise, causing 
a prolonged, elevated energy expenditure 
post-exercise.

Additionally, during this state of EPOC, reduced 
blood pressure levels are seen following the 

cessation of exercise. It is unlikely that these 
reduced levels are seen because of an increased 
production of NO (Halliwill, 2000). However, 
like many mechanisms of EPOC, it has yet to 
be determined what causes these reduced blood 
pressures.

Altering EPOC
EPOC can be affected through many factors 
such as intensity and duration of exercise, 
as discussed above. Additionally, given that 
cardiac output is a primary determinant of VO2 
(along with the arterial-venous oxygen content 
difference), factors that impact cardiac output 
may lead to alterations in VO2 if not reflexively 
compensated for.  At the level of the muscle, 
any substance capable of modulating mitochon-
drial respiration will impact VO2 as well. One 
such substance that is capable of both hemody-
namic and metabolic effects is the gaseous 
signaling molecule nitric oxide. Nitric oxide can 
be synthesized within the body via nitric oxide 
synthase during the conversion of L-arginine 
to L-citrulline.  Additionally, the reduction of 
nitrate to nitrite to nitric oxide can also increase 
NO bioavailability.

Nitrates in the Body
Nitrates Pathway to Nitric Oxide
The two main sources of nitrate in the body 
are dietary intake and the oxygen-dependent 
L-arginine-NO synthase pathway. We can either 
consume nitrates in the foods we eat or our 
bodies can convert L-arginine to nitric oxide. As 
seen in Figure 2, when inorganic nitrates (NO3-) 

HEALTH SCIENCE

Figure 2. The pathway showing the reduction of ingested dietary nitrates to the gaseous nitric oxide. Figure courtesy of Genevieve Kocoloski, 2014.
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are consumed, salivary bacteria convert them to 
nitrite (NO2-). Deoxygenated hemoglobin further 
convert the nitrites to nitric oxide (NO). If at any 
point this pathway is interrupted, the effects  
of ingesting nitrates will not be seen.  

Nitric Oxide’s Role in the Body
Nitric oxide is the substance responsible for 
relaxation of blood vessels, which will in turn 
increase oxygen delivery to the rest of the 
body.  In addition to its hemodynamic effects, it 
has also been shown to stimulate mitochondrial 
biogenesis (Clementi, 2005; Nisoli, 2004), or 
production of new mitochondria.  

More recently discovered is NO’s effect on 
oxygen consumption during exercise. A recent 
study has shown that the ingestion of nitrate 
supplements can both decrease VO2 and improve 
athletic performance (Cermak, 2012). However, 
because the amount of nitrates necessary to 
see these effects translates to 200-300 grams of 
spinach or beet root, concentrated supplements 
are commonly used to provide a more practical 
means of ingesting the substance.

Nitrate Supplements
Organic Nitrates
Many organic vegetables, such as beet root 
and leafy greens, are good sources of nitrates. 
However, in order to obtain significant increases 
in plasma nitrates from these organic foods, 
one would have to consume two to four times 
the recommended serving size (Cermak, 
2012). Instead, nitrate supplements such as  
concentrated beet root juice are commonly used.

Effect of Dosage on Results
Since nitrates have been shown to improve 
athletic performance with their effects peaking 
around 2.5 hours after ingestion, it would be ideal 
to consume the supplements relatively close to 
the start an event. However, the consumption of 
the beet juice this close to competition may not 
be ideal for many athletes. This led to a study 
that determined whether the duration of dosage 
of the nitrate supplement played a role in the 
magnitude of its effects.

Chronic ingestion of beetroot juice has been 
shown to improve exercise efficiency and peak 
power during a maximal effort, incremental 

exercise test.  After 15 days of consuming beet 
root juice, VO2max significantly decreased while 
the peak power significantly increased (Jones, 
2012). Significant effects were not observed 2.5 
hours or 5 days after ingestion. This increase in 
exercise tolerance can be attributed to a constant 
source of nitrates available to the body.

Usefulness of Supplementation 
Nitrate supplementation has been shown to result 
in many different hemodynamic and metabolic 
effects. These effects include a decrease in blood 
pressure, increase in heart rate, and decrease in 
VO2max at a given workload. Because a decrease 
in VO2 is coupled with a decrease in energy 
expenditure, supplementing would not be useful 
when trying to lose weight, but more beneficial 
to those trying to improve athletic performance. 
Nitrate supplementation can be beneficial to 
performance, but it is important to consider 
the goal of the exercise when deciding if it is an 
appropriate supplement.

Conclusions
As stated above, exercise can provide many 
health benefits for those seeking to manage their 
weight or improve their athletic performance. 
Due to these important benefits, research 
has been done to find ways in which oxygen 
consumption can be altered to positively impact 
health. EPOC, a measure of oxygen consumption 
post-exercise has been found to play a key role 
in weight management, and thus has received 
much attention. Various substances such as 
nitric oxide have been found to impact oxygen 
consumption both during and after exercise.  

Nitric oxide, which can be obtained through 
organic nitrate sources, has been shown to 
decrease VO2max and also decrease blood 
pressure when ingested prior to exercise. It 
has also been shown to improve performance 
in a competitive atmosphere. Effects of nitrate 
supplementation are continuing to be investi-
gated, but evidence so far indicates its usefulness 
in performance exercise.  

Aerobic exercise can help decrease the risk of 
many health issues, including but not limited 
to cardiovascular disorders. It’s important to 
be aware of the many factors that can impact 
aerobic fitness and how they play a role in human 
health. When considering possible methods  

HEALTH SCIENCE
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to impact VO2 or fitness in general, it’s important 
to consider all of the effects of the intervention 
to determine whether or not that route is  
appropriate in achieving the ultimate health 
goal.
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