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Inflammation 

While the national guidelines for physical activity recommends at least 150 minutes 
of moderate or 75 minutes of vigorous physical activity per week there are some 
older adults, obese or overweight, unhealthy and unfit who are unable to complete 
this prescription. What is common in these groups is the low level of chronic 
inflammation they suffer from due to their condition. This low level of constant 
inflammation within the tissues of their body predisposes them to cardiovascular 
disease, colorectal cancer, Type 2 diabetes, chronic obstructive disease and different 
types of dementia. The cause of these diseases can be traced back to this consistent 
low-grade inflammation that can persist for decades.  

Under normal conditions inflammation is important to fight the spread of diseases or 
infection and is at the centre of the body’s basic survival instincts.  For example, 
when we cut ourselves our immune system is activated and mobilized by releasing 
white blood cells that attack the bacteria. After the battle, the while blood cells clean 
up the affected area, promoting and assisting with healing and finally returning back 
to normal levels.  

The role of inflammation is to eliminate the initial cause of cell injury, remove 
damaged tissues and begin the repair and restoration process. Heart disease, cancer, 
stroke, Alzheimer’s disease, diabetes and kidney disease are the consequences of 
low-grade chronic inflammation that can be caused by high blood sugar levels, 
increased food intake and oxidative stress.  

Inflammation and the Body 

Brain 

Pro-inflammatory cytokines cause auto immune reactions in the brain, potentially 
leading to depression, autism, poor memory, Alzheimer’s disease and multiple 
sclerosis. 

Skin 

Chronic inflammation damages the liver and kidneys, causes skin rashes, dermatitis, 
eczema and acne. 

Cardiovascular 

Inflammation of the heart and arteries and walls of the veins contribute to heart 
disease, strokes, atherosclerosis, high blood sugar and strokes. 

Kidneys 

Inflammatory cytokines restrict blood flow to the kidneys resulting in hypertension, 
nephritis, edema and kidney failure. 

Bones 

Inflammation interferes with the body’s natural ability to repair bone mass, 
increasing the number of potential fractures leading to osteopenia and osteoporosis. 



Liver 

A build-up of inflammatory cytokines can lead to an enlarged liver or fatty liver 
disease as well as an increased concentration of toxic substances. 

Thyroid 

Inflammation can lead to a reduced total thyroid receptor count and a disruption of 
thyroid hormone functioning. 

Gastrointestinal Tract 

Inflammation damages the internal lining of the intestines and can result in GERD, 
Chron’s disease and celiac disease. 

Muscles 

Inflammatory cytokines can cause muscle pain and a reduction in the force of muscle 
contractions. 

Simplistically, there are five different types of white blood cells responsible for 
immune responses. These include basophils, eosinophils, lymphocytes, 
monocytes/macrophages and neutrophils.  

T cells, B cells and Natural Killer Cells (NK) are part of the lymphocyte group. T cells 
direct the immune response for killing cells infected with viruses or other pathogens. 
B cells produce antibodies that fight the infection and Natural Killer Cells destroy the 
host cells that contain the infection.  

Macrophages and neutrophils chase the irritant, engulf it and break it down. 
Neutrophils travel rapidly to the infected site and begin the inflammation process. 
The macrophages release proteins that are responsible for sending signals between 
cells and systems that are also seen in the blood following high intensity exercise. To 
maintain successful immune function, it is important to create a balance between 
the pro and anti-inflammatory cytokines.    

Regular physical activity can reduce the risk of colds that generally appear 2-4 times 
a year for adults or 6-8 times for children, resulting in a significant cost to the 
economy through illness and sick days.  Symptoms generally appear 2-3 days after 
exposure to the virus and are characterised by coughing and fever, which is almost 
impossible to stop and generally lasts for around 7–14 days.  

There are more than 200 viruses that cause colds that attack during different 
seasons of the year. Most infections occur by self- inoculation through touching 
phones, keyboards, door handles etc., and then touching the mouth, eyes or face.  

People who have below average immunity such as frail old people or cigarette 
smokers have an immune barrier that is more fragile than a non-smoker or younger 
people.  

Alternatively, people who are active on a regular basis can reduce the chance of 
upper respiratory tract infection, of which the common cold is one.  



A study of 1500 Swedish males and females examined physical activity in MET hours 
per day and reported that higher levels of activity had a positive effect on those 
subjects under significant stress. The high fitness group had a 43-46% reduction or 
3.5 days reduction in sick days compared to low fitness or low activity groups (12 
weeks).  

Moderate physical activity also reduced the number of sick days to significant levels. 
The frequency of physical activity appeared to be the most important predictor of 
sick days when all things were considered.  

Additional psychological stress is also regarded as a cause of sickness with highly 
stressed employees presenting with double the normal sick days.  

Factors that affect immunity include; lack of sleep increases sick days, married 
couples have fewer sick days than singles, females have more sick days due to 
greater exposure to children as well as a sedentary lifestyle.  

Medical practitioners recommend being physically active before receiving the flu 
shot as it can provide a better antibody response compared to receiving the shot 
without any pre-physical activity.  

In some cases, healthy older adults 60 years and over can have improved immune 
protection due to them having already established antibodies to many of pathogens 
that are not new to them.  However, as old age progresses, this reverses itself and 
the immune system becomes vulnerable.  

Physical activity has been found to be the single most important lifestyle factor in 
reducing sick days and inflammation particularly at moderate workloads through the 
increased activity of the lymphocytes and neutrophils, which after 6-8 hours post 
activity return back to normal levels, signifying their short life span.  

In contrast, following high intensity activity the lymphocyte levels drop dramatically 
below normal levels with the duration of immunity suppression depending on the 
intensity and duration of the activity. This confirms that high intensity exercise can 
reduce the effectiveness of the immune system response due to the low 
concentration of circulating lymphocytes and suppressed natural immunity.  

NEAT can lower the risk of colds and infection by 40-50% compared to a sedentary 
lifestyle, while engaging in vigorous activity can potentially increase the risk.  

During NEAT and for approximately three hours after, important immune cells 
circulate throughout the body at a faster rate than normal. The most effective are 
neutrophils (situated in bone marrow and lung), Natural Killer Cells (located in 
spleen) and macrophages, which are part of the innate immune system (front line of 
defence prevent from many pathogens).  

Physical activity brings these cells out from the lymphoid tissue and into the blood 
compartments to roam throughout the body. After three hours of recovery 
everything returns to nearby tissue.  



Significantly the immune system receives no long-term effect from a single bout of 
physical activity. The results are purely from the accumulation of the acute effects of 
one bout of physical activity building upon another bout indicating the immune 
responses are frequency dependent.  

Physical activity is the only stimulus that permits the transient surge of important 
immune cells as it releases the front line of defence and improves pathogen 
surveillance.  

Daily NEAT is a key to immune protection as it has the potential to exceed the levels 
of protection than any other method including medications and supplements. If the 
pathogen gets through the slower acting immune cells, the T cells and B cells are 
then brought into action.  

While physical activity can prevent infection or disease it cannot be therapeutic, as it 
does not help once the virus has been contracted. Where this does occur it is 
important to rest for a full recovery.  

Active people generally are also not as “at risk” to cancers and heart disease due to 
the acute immune surge of the natural killer cells that are effective in neutralizing 
these cells. 

In the aged, overweight, obese, unhealthy and unfit the low-grade chronic 
inflammation is always present and can become progressively more difficult to 
control and neutralize with the bodies’ cells always thinking that they are under 
attack.  This causes the immune system to become overworked and unable to fight 
legitimate infections potentially leading to chronic diseases. As the inflammation 
progresses it is possible that the immune system will react against itself as seen in 
autoimmune diseases such as Lupus, Grave’s disease and Crohn’s disease.  

Dr. Gokhan Hotamisligil was the first researcher to report that obesity was 
associated with a low-grade inflammation that was similar yet different from normal 
inflammation.  

To make a distinction between normal inflammation and obesity related 
inflammation Dr Hotamisligil coined the term “Metaflammation”, which appears as a 
milder inflammation that has a direct relationship between obesity and chronic 
disease. Obesity related metabolic cells acting in response to excessive nutrients and 
energy cause “Metaflammation”.  

The adipocyte or fat cell is the main type of cell in adipose tissue and is recognised as 
a critical player in obesity related cardiovascular disease.  

An adipocyte is more than just storage for fat or adipose tissue, it is an intelligent cell 
that constantly monitors and changes the other molecules that are part of its 
structure.  

The adipocyte is a tiny cell that is packed with triglycerides (stored fat) occupying 
most of the cell with the cytoplasm, nucleus, mitochondria, endoplasmic reticulum 
and Golgi apparatus pushed towards the edges of the cell. 



All the adipocyte cell components are bounded by a cell membrane (covering) that 
permits the movement of molecules into and out of the cell, surveys the 
environment for danger, protects itself and has builder and scavenger molecules to 
maintain its order.  

There are over 30 billion adipocytes in the body weighing approximately 15 kg. It 
was originally designed as a small package of stored energy.  

An adipocyte weighs about 0.5 of a micron, compared to a teaspoon that can hold 6 
million microns!! Amazingly one gram of fat releases 9 kcal of energy, which 
translates into a combined 135,000 kcal of stored energy in all the adipocytes 
making it possible to go without food for between 45-60 days.  

As more food is eaten and energy not expended the adipocyte increases in size 
(hypertrophy) and number (hyperplasia) to store more triglycerides. 

As the energy imbalance increases it is accompanied by abnormalities in the 
adipocyte, particularly in two of its key factories, the Endoplasmic Reticulum (ER) 
and Mitochondria.  

The ER is responsible for storing the fat, building proteins and sensing and regulating 
cholesterol. The proteins that are built in the ER must be folded correctly to do their 
job and then packaged in the Golgi Apparatus (GA) where they are stored for future 
use.  

Normally as the amount of food eaten is increased, the Endoplasmic Reticulum (ER) 
builds more proteins for the cell and surrounding structures and everything remains 
in balance. However, an oversupply of food forces the adipocyte to increase in size 
causing the Endoplasmic Reticulum (ER) to become overwhelmed and produce 
damaged proteins making them unable to fulfil their cell building and repairing role. 
At the same time the ER’s ability to store fat and its cholesterol sensing ability are 
also adversely affected. The damaged proteins and excess nutrients build up in the 
cytosol (inside of cell) interfering with other functions of the cell. 

To overcome this situation the adipocyte slows down the building of proteins and 
increases the clearance of the damaged proteins.  

If the ER and the cell cannot restore order the damage proteins die causing the ER 
additional stress. At this point the ER releases free fatty acids and inflammatory 
molecules into the system to cope with the problem. Once this occurs there is an 
increase in fat and glucose concentrations throughout other cells in the body as well 
as serious cellular insulin resistance potentially leading to hyperglycaemia (high 
blood sugar) and long-term diabetes. The insulin resistance extends to both the liver 
and muscle cells. 

In addition to the stress of the ER, hypertrophy of the adipocyte also creates 
oxidative stress in the mitochondria. When excessive amounts of fat cannot be 
burned by oxygen in the mitochondria it releases immune cells that produce a pro 
inflammatory response causing an over production of free radicals and oxidative 
stress in the cell.  



As the number of free fatty acids builds up, the mitochondria become overworked 
and unable to process the excess fatty acids causing an increase in reactive oxygen 
species (ROS) or free radicals that will ultimately further impair mitochondrial 
function, creating even more free radicals.  

Obesity can cause a depletion in antioxidant resources needed to neutralise the over 
production of free radicals. The production and release of key anti-oxidant enzymes 
is severely depleted in sedentary obese people. The increased oxidative stress 
causes damage to the adipocyte cell membrane, covers the membrane with a plastic 
coating and hinders the action of the mitochondria.  

Uncontrolled oxidative stress causes changes in the lining of blood vessels and is the 
major contributor to cardiovascular disease and metabolic syndrome as well damage 
to other tissues throughout the body. 

Heart researchers were amongst the first to identify inflammation as the root cause 
of atherosclerosis.  

Initially, it was thought that atherosclerosis was caused by plaque building up on the 
inside of the artery caused by eating a diet too high in fats.  It has now recognized as 
being caused by chronic inflammation in the artery wall.  

The low-density lipoprotein (LDL) or bad cholesterol is absorbed between the tissues 
of the artery where it forms a blister like formation. This process triggers an 
inflammatory response by the immune system that acts on the blister so that it 
swells within the arterial tissues blocking and restricting the flow of blood to the 
heart. As the blister becomes inflamed it finally forms a scab-like plaque that if 
ruptured causes the contents to block the artery even further reducing blood flow to 
the heart, potentially causing a heart attack or stroke.  

Those most “at risk” of this low-grade chronic inflammation is the unfit and 
sedentary who do not regularly engage in physical activity and whose immune 
system is in an overactive state resulting in a high-energy demand.  

The concentration of anti-inflammatory molecules such as Lactoferrin and lzsozymes 
that are important in the control of inflammation are much lower in sedentary, 
obese and chronically ill people further contributing to the low-grade chronic 
inflammatory state.  

Increases in low-grade inflammation can also occur after a meal, especially one that 
is high in fat, refined carbohydrates, sugar and other foods that have a high caloric 
equivalent. It acts to control any potential problems associated with the food eaten 
and is a normal response across all cohorts of the population. 

In vulnerable groups the anti-inflammatory molecules Lactoferrin and lysozymes are 
not released in adequate concentrations resulting in a long-term chronic 
inflammatory response.  

The readily available access to foods, the increased volume eaten of both good and 
bad food and the frequency of meals in these vulnerable populations all contribute 
significantly to the constant cellular inflammatory state they live in.  



Air pollution, low humidity and increased carbon dioxide levels in the bloodstream 
can also cause an increase in metaflammation.  

A study of the causes of inflammation reveal that anti-inflammatory agents have 
been in existence for thousands of years, while the pro inflammatory agents are 
relatively new, possibly from industrial changes in the late 19th century.  

Given that our bodies have only had a couple of hundred years to adapt to these 
new pro-inflammatory agents our immune system has developed this holding 
pattern of metaflammation to combat their side effects, including reducing the 
effectiveness of insulin released from the pancreas to control and transport glucose 
potentially leading to Type 2 diabetes and heart disease.  

The inflammatory response is generally measured by an increase in inflammatory 
circulating markers such as cytokines, growth factors and reactive oxygen species.   

The key cytokines include interleukin 6 (IL-6), tumor necrosis factor (TNF) and C 
reactive protein (CRP) that act as messengers between the immune system, blood 
and vessels and the endocrine system. For example, the accumulation of abdominal 
fat is accompanied by an increase in pro inflammatory immune cells that release 
inflammatory substances leading to the low-grade inflammation response 
throughout the body. These pro inflammatory markers cause a cross talk between 
the immune system, adipose tissue, muscle cells and the brain’s hypothalamus.  

Low-grade systemic inflammation is associated with a decrease in insulin sensitivity, 
atherosclerosis and tumor growth all of which have been termed “Diseasome of 
Physical Inactivity” and is regarded as a strong predictor of all-cause mortality and 
cardiovascular disease in older populations.  

C reactive protein (CRP) is the most studied inflammatory marker responsible for 
coronary artery disease. CRP is one of the first proteins elevated in response to 
obesity, smoking, blood pressure, injury, infection and oxidative stress and is 
regarded as an independent predictor of cardiac death. Elevated levels of CRP 
double the risk of having a stroke, three times the risk of a future myocardial 
infarction and four times the risk of peripheral artery disease.  

Another marker used to identify an increase in inflammation is TNF or tumor 
necrosis factor. This marker has been identified in increased numbers in the 
overweight and obese population and is indirectly responsible for insulin resistance. 
Alternately weight loss has been shown to reduce the release of this marker.  

Additionally, TNF is a contributor to atherosclerosis through the release of adhesion 
molecules from the inner lining of the walls of the artery restricting blood flow 
through the artery. Increased levels of TNF are also responsible for decreases in lean 
body mass, increases in muscle damage and a reduction in the building of proteins 
necessary for muscle growth.  

A sedentary lifestyle and inactivity are associated with high circulating levels of TNF 
leading to an increased inflammatory state. Conversely, a reduction in the levels of 
anti-inflammatory mediators by 20-60% is possible by participation in physical 



activity. This is achieved by increasing the anti-inflammatory capability of skeletal 
muscle and fat tissue as well as causing a reduction in reactive oxygen species and 
preserving nitrogen oxide all causing an anti-inflammatory effect.  

Muscles are the forgotten members of the immune system with muscle contractions 
causing a release of Lactoferrin and lysozymes.  

Physical activity is so powerful that the levels of anti- inflammatory molecules can 
increase their concentration 100-fold!!   

Physical activity before a meal can increase the anti-inflammatory molecules that 
stimulate white blood cells releasing greater quantities of Lactoferrin preventing the 
inflammation increase caused by food intake.  

Spontaneous physical activity, NEAT and programmed exercise overrides the 
chronically active immune system and reduces inflammation across all populations 
through the increased release of these anti-inflammatory myokines that inform the 
immune system to slow down and relax. This relaxation response allows the immune 
system to react to normal danger signals rather than be in a constant state of alert, 
which not only requires additional energy but also down regulates the pro-
inflammation response.    

In studies that cross-referenced different age groups with activity levels and 
inflammation it was found that regardless of age the critical variable was still 
physical activity.  

Those at the higher physical activity levels had the lower markers of inflammation 
irrespective of BMI.  

Subjects in older age groups had higher levels of inflammation when compared to 
younger groups irrespective of physical activity levels, while active individuals 
produced anti-inflammatory responses that can counter lower chronic inflammation 
seen in these vulnerable populations.  

Other factors that exacerbate the inflammatory process include; smoking, age, 
increase in the number of fat cells, sedentary lifestyle, obesity, poor diet and high 
blood pressure. Ironically in the early stages of a fitness program a pro-inflammatory 
response has been noted but as fitness levels improve the response becomes anti-
inflammatory indicating that the best results occur with a strong adherence to a 
physical activity program over time.  

The International Society of Exercise and Immunology recommends intensities 
between 55-75% of VO2max and durations up to 1.5 hours for optimizing immune 
system responses.  

The national physical activity guidelines recommend intensities between 40-59% VO2 
max, which is classified as moderate intensity, while between 60%-84% VO2 max is 
classified as high intensity. This would indicate that a physical activity prescription 
should include both moderate and vigorous intensity to maximize immune system 



benefits, bearing in mind that progress to high intensity physical activity is achieved 
through progressive overload from low to moderate to high intensity.  

There are three possible explanations supporting physical activity as a key player in 
reducing and controlling systemic low-level inflammation. These include; a reduction 
in visceral fat, an increased production and release of anti-inflammatory cytokines 
from the contracting skeletal muscle as well as a reduction in the activity of the 
immune system’s white blood cells. As the skeletal muscles contract during physical 
activity, their muscle fibres produce and distribute anti-inflammatory myokines that 
act on all regions of the body and protects the arteries against atherosclerosis and 
stenosis (narrowing).  

It is also possible to receive an anti-inflammatory response from a NEAT lifestyle 
without any significant decrease in obesity or fat levels. Regular low to moderate 
muscle contractions promote anti-inflammatory signals to other distant regions of 
the body in addition to skeletal muscle.  

Excellent results can be obtained with physical activity without modifying energy 
intake to keep in metabolic balance. Reducing the number of steps per day within a 
free-living environment for only 2-3 weeks can result in negative metabolic 
consequences such as insulin resistance and increased abdominal fat (visceral). 

The one common message is that controlling inflammation can go a long way 
towards avoiding insidious metabolic diseases. This partly explains why some obese 
or overweight people can remain metabolically healthy yet still be overweight. This 
group of overweight people is known as having metabolically healthy obesity and is 
reported to comprise of 35% of the obese population. Many studies report that lean 
and obese metabolically healthy people can have low levels of inflammation as 
measured by inflammatory markers. 

An area of increasing interest is the affect that a sedentary lifestyle has on mood 
changes and disorders and inflammation. Strongly associated with mood disorders is 
the presence of inflammatory cytokines that indicate a probable link with systemic 
inflammation.   

Increases in sedentary time can have a negative impact on mood symptoms. This 
response was also observed in subjects who participated in a fitness program based 
on recommended physical activity guidelines.  

Mood disorders and depressive symptoms following sedentary lifestyles are 
associated with pro-inflammatory responses resulting in an increased systemic low-
grade inflammation.  

People who are suffering from mental illness could also be at risk to high intensity 
physical activity in a similar way to the obese, overweight, aged, unfit and unhealthy 
who also have low-grade long-term inflammation throughout their body.  It further 
supports the need to include more NEAT activities throughout the day to further 
reduce sedentary time rather than just rely on 30-60 minutes per day of MVPA for 5 
days per week.  



Participation in any NEAT movement produces anti-inflammatory responses through 
multiple bouts of regular low to moderate intensity movements.  

It is not necessary to undertake high intensity exercise for the anti-inflammatory 
response to occur. In the aged, unhealthy, unfit and obese populations high intensity 
exercise can add to their already inflamed state due an increase in oxidative stress 
through the release of rebel oxygen molecules that can damage the internal 
structure of the cell by increasing pro-inflammatory molecules.  

The arteries and veins in our body if stretched end to end would cover 
approximately 100,000 km, which accepts over 6,700 litres of blood per day.  

Each artery resembles a tube consisting of three tissue layers. The outer layer is 
called the aventitia and consists of connective tissue and blood vessels that supply 
the walls of the large arteries.  

The middle layer is called the media and is made of elastin, collagen and proteins 
while the innermost layer that makes contact with the blood is called the intima.  

The three layers of the artery form the lumen, which forms the arterial opening that 
the blood flows through.  

The endothelium is the inner lining of the intima responsible for the vasodilation and 
vasoconstriction of the blood vessel, regulation of vagal tone, promotion of vascular 
changes, the control of inflammation and increases in the production of nitric oxide.  

The endothelium covers all the internal surfaces of blood vessels, cardiac valves and 
other internal cavities. Any imbalance in these functions renders a condition called 
endothelial dysfunction caused by the unavailability of nitric oxide (NO), an increase 
in free radical production and an increase in endothelial activity. The endothelium is 
regarded as the “diva” as they are responsible for every activity within the blood 
vessels.     

Risk factors associated with endothelial dysfunction include smoking, obesity, 
diabetes, hypertension, oxidative stress, high cholesterol levels and sedentary 
behaviour.  

Nitric oxide is important as it has anti-hypertensive, anti-thrombotic and anti-
atherosclerotic properties. Arteries require nitric oxide to increase blood flow 
through vasodilation (opening). Inactivity decreases the availability of nitric oxide to 
the vessels, which increases inflammation contributing to atherosclerosis and 
endothelial dysfunction.  Overall physical inactivity causes a pro inflammatory 
response while physical activity causes an anti-inflammatory response. 

Physical activity causes changes in nitric oxide (NO) production, up regulation of the 
NO gene, increases in vascular endothelial growth factor and an increase in the 
antioxidant defence system. Major changes in endothelial function are subject to the 
availability of nitric oxide, which is primarily responsible for the vasodilation and 
vasoconstriction qualities of the tissue through the release of acetylcholine.  



If nitric oxide formation is interrupted, vasoconstriction (narrowing) of the blood 
vessel will occur. If the amount of nitric oxide remains low in a number of different 
vessels there is a strong possibility of a reduction in blood flow to the inner lining 
and the formation of a coagulation or eventually a clot or thrombus damaging the 
arterial wall and predisposing the body to the onset of cardiovascular disease.  

Alternatively, an excess of nitric oxide can cause vasodilation of vessels and the 
possibility of shock due to the redistribution of blood flow. Over time any damage to 
the endothelial wall is seen as the starting point for atherosclerosis and/or 
cardiovascular disease.  

Endothelial dysfunction is regarded as the beginning of cardiovascular disease with 
damage to the endothelium changing the vessel’s vasodilation (opening) responses, 
anticlotting mechanisms and producing ongoing adverse structural changes.  

Blood flow is also regarded as a potential problem in damaging the endothelium of 
the arteries. Blood flows generally through the arteries in a forward direction, 
however not all arteries are straight and pliable. There are many arteries that are 
crooked and that branch off and divide off that the blood must contend with. 
Imagine being on a float on a wild water ride coming down from a height through a 
long straight tunnel and then hitting a steep curve with force. The float is moved 
from side to side and then rises up on the edge of the large tube increasing the 
pressure on the float and the tube. This is what can occur when blood is forced 
through blood vessels at great speeds to distribute blood to the areas requiring 
additional oxygen.  

Diet, smoking, genetics, sedentary lifestyle, alcohol consumption, and the shape of 
the artery and the intensity of movement can affect the endothelial tissue of the 
artery. We could say its condition is the sum of everything that we do in our 
sedentary lifestyle.  

High intensity exercise can cause greater turbulent movement of blood through 
some of these convoluted arteries.  

Initially, the endothelium of the artery begins to change its shape to protect itself 
from building up plaque. However, if continual turbulence occurs and increased 
shear forces are created, the endothelium will start to work against itself and start to 
build up plaque to protect itself.   

Alternatively, if we spend too much of our time sitting the problem with the 
convoluted arteries becomes an even bigger problem. Prolonged sitting requires the 
knees to be bent, the hips to be flexed, the spine moved forward and the head 
slumps forward, all of which creates more convoluted and bent vessels within the 
arterial system. This is made worse by the wasting of muscle tissue and a decrease in 
blood flow to the areas of the siting or sedentary body.  

One reason for the damaging changes to the endothelium during high intensity 
activity is the insufficient supply of nitric oxide caused by the increased oxidative 
stress, inflammation of the lining and erosion of the cells and the vasoconstriction of 
the vessel.  



The increased oxidative stress can be caused by the release of ROS/FR namely 
superoxide and oxidated low-density proteins (LDL) that reduces the amount of 
nitric oxide.  

These free radicals cause the deactivation of the endothelial receptors responsible 
for the production of nitric oxide that stops the endothelial cells from dilating 
potentially causing a build-up of plaque and a narrowing of the vessels.  

Plaque appears in the arteries where the pattern of blood flow is most complex such 
as carotids in the neck, femoral arteries in the thighs, cerebral arteries in the brain 
amongst the most vulnerable.  

Physical activity causes the heart to beat faster with an increased volume of blood, 
which creates a strong longitudinal force within the arteries dilating and constricting 
the endothelial tissue (artery lining). The continual movement and stretching of the 
endothelial lining of the arteries helps keep them healthy and compliant. 

While the benefits of physical activity such as changes in blood pressure, blood lipid 
profiles and glucose metabolism are widely known to improve endothelial 
performance, the exercise intensity to improve these components is still open to 
debate.  

Older females who exercised at a low intensity five days per week for three months 
presented with an increase in their nitric oxide concentrations, supporting the idea 
that this low level of intensity can produce favourable changes in the vasodilation 
and vasoconstriction of blood vessels reducing the risk of cardiovascular diseases. 

Regular moderately intense physical activity (approximately 50% VO2 max) can 
enhance blood vessel structure and improve its function by increasing capillarization, 
capillary to fibre ratio and capillary density. These long-term responses occur to a 
greater degree in slow twitch motor units (Red Type 1) that are more responsive to 
moderate intensity physical activity performed for longer time periods either 
continuously or discontinuously.  

Low intensity and high intensity physical activity appears to be least effective in nitric 
acid production than moderate intensity activity. The low intensity activity creates a 
smaller stimulus that reduces nitric oxide response, while the higher intensity 
activity (70-80% VO2 max) results in low levels of circulating anti-oxidants causing an 
increase in reactive oxygen species and a reduction in nitric oxide, both leading to 
arterial vasoconstriction.  

This is contrary to improvements in cardiac function and VO2max that are more 
progressive intensity dependent. Studies have reported improvements of 71% in 
VO2max from high intensity activity (> 85% VO2 max) compared to improvements of 
28% from moderate intensity programs (65g-70% VO2max).  

As a general rule NEAT on a frequent basis improves the antioxidant defence 
mechanisms in both healthy individuals and those diagnosed with hypertension.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 


