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Oxidative Stress 

Oxidative stress describes a range of toxic states that results from an imbalance 
between the formation of reaction oxygen species (ROS) and free radicals (FR) 
combined with the limitations of the antioxidant defence system in neutralizing 
many of these side effects that cause cellular damage.  

Free radicals are highly reactive molecules with one or more unpaired electrons and 
include superoxide, hydrogen peroxide and hydroxyl radicals.  

Reactive Oxygen Species (ROS) are molecules containing oxygen that are highly 
reactive with tissues and may or may not contain unpaired electrons. Any increase in 
reactive oxygen species (ROS) and free radicals (FR) beyond a narrow healthy range 
and without being neutralized by the body’s antioxidant immune defence system 
can cause damage to key molecules such as DNA, protein and lipids many of which 
form the boundaries of the cell membrane. When a FR reacts with a non-radical 
molecule it can gain or lose an electron causing one FR to turn into another FR 
resulting in a cascading effect and eventual damage. An antioxidant is a substance 
that can reduce the severity of the oxidative stress by either forming a weaker free 
radical or squashing the existing free radical. 

Oxidative stress can cause an attack on the cell membranes by the ROS/FR  leading 
to a series of chemical reactions known as “lipid peroxidation”.  

Lipid peroxidation occurs when the free radicals steal electrons from the cell 
membrane resulting in a loss of cytosolic proteins damaging the lipids that form its 
outer layer causing damage to the cell’s DNA.  

The cell membrane has many essential functions including the movement of water, 
ions and organic molecules into the cell and the removal of waste products out of 
the cell.  

Lipid peroxidation can result in a decrease in the fluidity of the membrane, an 
inability to maintain ionic gradients, cellular swelling and tissue inflammation.  Once 
the free radicals become very unstable, they attempt to steal electrons from other 
compounds in order to maintain some stability. Once the process starts it creates a 
chain reaction throughout the cell that can adversely affect the production of key 
amino acids and proteins and the action of many key enzymes.  

Free radical production can be influenced by immune cell activation, inflammation, 
psychological stress, excessive physical activity, infection, cancer and ageing. 

In 1956 the Free Radical Theory was presented to explain the process of ageing. It 
was hypothesized that ageing was the result of the cumulative effects of oxidative 
stress experienced over a number of years. Slowly but surely cell membranes 
through lipid peroxidation begin to break down resulting in cellular damage and 
eventually death. It was further suggested that if the oxidative stress could be 
minimized there was the potential to live longer.  

While ROS/FR are not inherently harmful, an uncontrolled increase in free radicals 
and oxidative stress has been linked to the development of atherosclerosis, 



hypertension, ischemia, cancer, Type 2 diabetes, immune dysfunction, ageing, 
Parkinson’s disease and Alzheimer’s disease.  

As people age there is a corresponding decrease in their physical activity levels and 
an increase in inactivity, increasing the prevalence of age-related chronic diseases. In 
the older age group, there is also a dramatic decrease in their aerobic capacity or 
VO2max ranging from 10-15% per decade in males to 8-15% in females.  

The greater the decline in VO2max results in an increased risk of some debilitating 
chronic diseases. Ironically VO2max in this demographic group can be improved to 
the same relevant extent as younger adults.  

Additionally, this older aged group is susceptible to oxidative stress due to a poor 
exercise tolerance and a difficulty in recovering from strenuous exercise. This profile 
is shared by the unfit, overweight, obese and those suffering from a chronic 
diseases.   

In the older age group overall energy expenditure decreases during their exercising 
day due to what has been described as an “anticipatory mechanism”. If the exercise 
sessions are scheduled in the afternoon this group decrease their NEAT in 
anticipation of their training session. Apparently, this is not an unusual response in 
the elderly.   

If training programs are geared towards high intensity in the unfit elderly group 
there is an over production of free radicals that cannot be neutralised by their anti-
oxidant system, while in studies that have used moderate intensity training (3-6 
METs) there is a reduced oxidative stress.  

The central nervous system is a major site of degenerative changes caused by FR 
production or oxidative stress. These changes include selective neural loss 
particularly in sections of the brain affected by Alzheimer’s disease.  

The production of ROS/FR can occur from anaerobic and aerobic exercise, during 
immune responses in controlling inflammation or infection, and a number of other 
sources outside of the body including eccentric contractions, tissue impact, 
radiation, air pollution, excessive nutrient intake, smoking and alcohol to name a 
few.  

The sites where oxidative stress and the release of free radical occurs is at the 
Electron Transport Chain of the Krebs Cycle on the folds of the mitochondria as well 
from the activity of various enzymes such as xanthine oxidase, peroxisomes and 
nitric oxide synthase.  

On the positive side, improved immune response is activated through the release of 
macrophages, neutrophils, lymphocytes and other phagocytic cells. These act on the 
inflammation site and generate ROS/FR of their own that can be used for signalling 
within the cell, neutralizing and killing the infectious organisms and stimulating the 
release of antioxidants such as superoxide dismutase (SOD), glutathione perioxidase 
(GPX) and catalse (CAT) from lymphocytes to assist with the repair process.  



The production and neutralizing of free radicals is an important part of any cell’s 
function. When the free radicals form in the body safely interact with antioxidants 
the chain reaction is stopped and the free radicals produced can perform important 
functions such destroying bacteria, killing cancer cells, turning on and off genes and 
fighting infection. However, when the production of free radicals goes unchecked 
and cannot be neutralised diseases such as Alzheimer’s, kidney disease and 
cardiovascular disease can result.  

Exogenous antioxidants such as carotenoids, tocopherols, ascrobates and 
bioflavonoids that are generally consumed in the diet via fruits and vegetables have 
also been used to control ROS/FR.   

Vitamin C and vitamin E are believed to be the most important and effective 
nutritional antioxidants as they contribute to cell membrane stability and movement 
of fluids.  

Antioxidant supplementation provides some protection in both short and long 
duration protocols. The formation of small amounts of ROS/FR is an important 
process within the cell to maintain normal equilibrium and cellular function where a 
steady state concentration is maintained between the production of ROS/FR and the 
removal through antioxidants. ROS/FR can be a double-edged sword in that they 
create favourable immune responses while on the other hand when uncontrolled 
can cause some devastating and life-threatening pathological conditions.  

Both aerobic and anaerobic exercise can cause an increase in ROS/FR production, 
which during the recovery process resembles that of inflammation and infection. 
“Hormesis” states that both stress and toxins in small doses can promote good 
health and is a necessary adaptation, while high doses can be lethal to the body. It 
might be that the intensity, frequency and duration of the stress or exercise are 
telling factors in its effectiveness.  

An increase in exercise intensity or workload will cause an increase in oxygen 
consumption (VO2) in order to provide the energy for the resynthesis of ATP, 
necessary for muscle contraction.  

Although the production or consumption of oxygen is not overly toxic, it is the 
precursor to ROS/FR that can cause cell damage.  

To control ROS/FR production during an acute bout of exercise there is an initial 
increase in the enzymes including SOD, CAT and GPX in skeletal muscle, heart, red 
blood cells, lymphocytes and the liver as the first line of defence.  

Interestingly different levels of exercise intensity and duration are responsible for 
the production of ROS/FR at the different sites.  

The cells antioxidant capabilities are generally not exceeded at an exercise intensity 
of less than 50% of VO2 max, indicating that free radical damage does not occur up 
to this point.  



As the exercise intensity increases there is the potential for greater free radical 
damage due to the increase ROS/FR production and the increased inability to reduce 
it if antioxidant system is unable to combat the increase.  

There is a strong relationship between lactate levels and the markers of oxidative 
stress. As a person increases their workload and the aerobic energy system is no 
longer able to independently produce the energy required for the movement, the 
anaerobic glycolytic energy system is now additionally employed to assist with the 
movement. The consequence of this change is an increase in the production of lactic 
acid and an increase in oxidative stress.   

Increased antioxidant production is not proportional to exercise intensity. In other 
words, an individual with additional antioxidant capabilities is more likely to control 
the excess production of ROS/FR regardless of the exercise intensity. Trained fitter 
individuals with a higher VO2 max tend to have a higher tolerance to ROS/FR due to 
their improved level of aerobic fitness, which is obviously a long-term training 
response.  

The unfit, unhealthy, older adult, overweight and obese can experience greater 
damage from oxidative stress as their cells are already in an inflamed state. Also at 
risk of increased oxidative stress are those who exercise at a higher intensity on an 
irregular basis as well as sedentary groups who are exposed to high intensity 
exercise too early in their program. 

Anaerobic and supra-maximal exercise even though anaerobic in nature increases 
ROS/FR mainly due to forceful muscle contractions. This causes a reduced blood flow 
followed by capillarization and leakage of the electron transport system as well the 
migration of inflammatory cells to the exercised area. This type of intense activity 
has the potential to activate and release radical generating enzymes resulting in 
oxidative stress and increased inflammation.  

Resistance training can also induce similar oxidative stress effects particularly when 
using heavier loads and in the eccentric phase of the movement without first 
progressing from lighter resistance and lower repetitions and sets.   

Many people are exposed to high intensity activities during personal training 
sessions, group fitness sessions, boot camps or some exercise sessions for weight 
loss. Television shows that focus on weight loss highlight the need for participation 
in high intensity activities for significant weight loss as a means of burning more 
energy. Many begin their exercise regimes as untrained and/or obese clients and are 
exposed to high intensity training too early.  

While high intensity exposure might provide faster improvements in aerobic fitness, 
the oxidative stress responses might initially outweigh the benefits. A more sensible 
option would be to train people using progressive intensity and duration starting at 
low to moderate levels of intensity and as they improve their level of aerobic fitness 
introducing them to the more intense activities after they have the background to 
cope with the increased oxidative stress.  

An extenuating circumstance that could be just as potent as the exercise intensity is 
the longer duration of the activity even though the intensity might be low. For 
example, significant oxidative stress has been noted in novice marathon runners and 



long course triathletes. Epidemiological data reports that very high volumes of 
aerobic exercise (2 hours at a time) or overtraining are risk factors for cardiovascular 
disease possibly being linked by the resultant oxidative stress. There appears a point 
of diminishing returns where the risk of oxidative stress is amplified by increases in 
lipid peroxidation at higher levels of intensity, long durations or high volumes of 
exercise or if people enter into an overtrained state.    

Oxidative stress could have a significant impact on the training methods currently 
used in the fitness industry to promote the benefits of exercise and the 
improvement and maintenance of healthy behaviours.  

During NEAT the antioxidant defences are sufficient to control the increase 
production of ROS/FR. Factors that affect the antioxidant systems ability to cope 
include; ageing, training age and nutrition.  

Initial expose to NEAT activities reduces the formation of ROS/FR, improves the 
antioxidant defence system and provides for long term resistance against any toxic 
reaction to oxidative stress in preparation for more intense or vigorous activity.  

Exposure to increased NEAT (2-6 MET) on a regular basis performed during waking 
hours is beneficial in assisting in the reduction of health risk factors without the 
potential problems of oxidative stress.  

Chronic inflammation and oxidative stress are regarded as some of the key 
contributors to many chronic diseases.  

Studies examining more than a thousand middle-aged and elderly women, found 
that NEAT was inversely related to the production of circulating inflammatory 
markers and a reduction in oxidative stress. In this older age group household 
activities are the second major contributor to their energy expenditure with 38% of 
daily METs. For this group there was strong correlation between household NEAT 
and lower concentrations of inflammatory markers and oxidative stress.  

Adopting an active lifestyle of multiple bouts of NEAT per day might help in reducing 
oxidative stress and inflammation. Females who do no regular exercise but complete 
>10 MET hours per week in NEAT have a 25-50% lower mortality rate than inactive 
females (<1 MET hour per week). 

Regular physical activity can enhance the antioxidant defence system and protect 
against the over production of free radicals. These positive responses take place 
slowly over time.     

In the case of more vigorous exercise, there is a greater production of ROS/FR, which 
can overwhelm the defence system causing a potentially negative effect on both 
skeletal and cardiac muscle tissue.  

The intensity of movement whether it be fitness centre based or lifestyle based is 
relative to the fitness level of the individual as well as their health status. Unfit 
people can improve their VO2 max with what a fit individual would regard as low to 
moderate intensity yet intense enough for the unfit. 



There seems little doubt that improvements in VO2 max can be improved by 
vigorous activity. The Fick principle (as a determiner of VO2max) of heart rate x 
stroke volume x A-Vod supports that cardiac output is one of the most important 
responses that leads to an improved stronger VO2max indicating that aerobic fitness 
improvements are intensity based.  

Alternatively,  responses such as cardiomyosite hypertrophy and calcium handling 
are more sensitive to vigorous exercise generally of a discontinuous or interval 
training nature.  

Conversely, moderate intensity appears to produce more significant changes in 
endothelial function of the arterial wall. Endothelial changes appear to reach their 
maximum effect at moderate intensity mainly due to increased production of nitric 
oxide at these levels over an extended time period.  

Reports suggest that high intensity occupations over a long time period in males 
aged between 42-60 years of age could be associated with accelerated progression 
of carotid atherosclerosis possibly indicating an impaired functioning of the tissue 
endothelium at higher levels of intensity.          

To overcome the problems of a sedentary lifestyle the generally accepted 
recommendation has been the FITT principle based on a heart rate of between 60-
85% of MHR for at least 30 minutes per day for at least 5 days per week with this 
intensity classified at moderate to vigorous. While this selected intensity is the 
preferred method for gaining fitness, other intensities need to be considered for 
other general improvements in health.  

There has been some reluctance on the part of the fitness industry to embrace NEAT 
activities as a legitimate form of physical activity. So much so that the fitness 
industry almost entirely focuses on vigorous to high intensity training with the view 
that this is the best prescription to overcome the problems associated with a 
sedentary lifestyle.   

Now that it has been established that sedentary behaviour is distinct from a lack of 
moderate to vigorous exercise, it seems incongruous to substitute inactivity with 
higher intensity physical activity that might have little relationship to the biological 
origins of the sedentary body.  

Sedentary behaviour is characterised by an absence of low to moderate intensity 
activity or NEAT that makes up most of the day so it seems logical that to overcome 
the biological changes that accompany sedentary behaviour there must be an 
increase in NEAT over the day.  

Historically, sedentary behaviour has been regarded as an absence of MVPA, which 
has been the typical focus of exercise physiology and physical activity health 
promotion efforts.  

Extensive efforts have been made to control sedentary behaviour with the FITT and 
HIIT principles of exercise prescription with limited success. The beneficial responses 
that occur at NEAT between 2-6 METs can no longer be ignored. Most people who 



are looking for an improvement in health are not always comfortable working at 
high intensities in a gym or outdoor environment.  

The intensity and duration of physical activity can have a significant effect on how 
the sedentary body responds to high intensity movement. The latest trend in fitness 
is High Intensity Interval Training (HIIT) or variations of this high intensity theme. It is 
an exercise prescription that has been prescribed with little thought of the stress 
that it can place on the unfit, overweight, obese or elderly sedentary bodies. We 
have established that chronic diseases produce a chronic mild systemic inflammation 
throughout the body as its root cause. High intensity exercise can complicate this 
condition.  

High intensity training brings with it a number of side effects that need to be 
considered and strategies employed to contain them particularly on a sedentary 
body.  

In study of untrained subjects exposed to High Intensity Interval training biopsies of 
leg and arm muscles revealed mitochondria had only been working at half pace 
during and at the end of the session. As the untrained subjects were exposed to 
intensities beyond their cells’ capabilities there was an increased production of free 
radicals that could not be neutralised by their weaker anti-oxidant defences.      

The most obvious strategy to overcome this side effect would be to ensure that 
clients have progressed through a series of overload patterns that build a resistance 
to any additional problems that might arise. Typically, clients would start at lower 
intensities and longer durations and progress too much shorter durations and higher 
intensities.  

If the aim of resistance training is to build muscle weight training programs initially 
start with lighter weights and more repetitions. While the available information 
supports high intensity as a legitimate form of exercise in the short term the long-
term effects are yet to be assessed.   

If high intensity training is prescribed it is important to realise that it can be only be 
used 2-3 times per week with adequate recovery between work sets and between 
work days to ensure an overcompensation response.    

In any physical activity program, there should initially be an emphasis on increasing 
NEAT movements (2-6 METs) for most of the day to displace sedentary time (<1.5 
METs) in combination with a more structured progressive fitness program that 
would ultimately lead to higher intensity workouts (> 6 METs). These should coexist 
in the new physical activity paradigm. 

 

 

 

 


