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Interleukin 6 (IL6): Ultimate Muscle Fat Burnerd€” Friend or Foe?
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The body uses chemical messengers to communicate between the various tissues in order to meet the energy needs of
the body, facilitate development and address the demands of the environment. Most people are familiar with this concept
through their understanding of endocrine hormones, such as testosterone, growth hormone or insulin. There are many
other messenger chemicals present in the body&hellip;some familiar, some strange and exotic sounding.
Neurotransmitters travel from nerve to nerve in the brain or the body. Similarly, many cells release paracrine and
autocrine hormones that are rarely spoken of outside of science journals or research labs.
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Endocrine hormones travel through the bloodstream to affect tissues distant from where they were produced. Paracrine
and autocrine hormones stimulate receptors on cells located nearby, even stimulating the same cell in the case of
autocrine hormones. A major class of hormones that seems to encompass properties of all three types of hormones is
the cytokines. The number of known cytokines is fairly large and continues to grow as new discoveries are reported. One
that is most well studied is called interleukin 6 or IL6.

Many cytokines are called interleukins because they are used by the immune system to stimulate inflammatory cells
called leukocytes. However, as is being (slowly) understood by clinical scientists, most hormones are not tissue-specific.
In other words, hormones do not affect just one tissue&mdash; for example, testosterone does not affect just skeletal
muscle, but also the sex glands, skin, fat cells, blood cells, brain, heart, etc. This is also the case with IL6. However, IL6
differs from testosterone in one important way. Whereas testosterone is produced (primarily) only in the testes, IL6 is
produced in a variety of tissues and cells.1

While IL6 holds an important role in immune function, starting the inflammation response when bacteria are detected in
the bloodstream and supporting the fever response, it is central to many, many other functions in the body. Bodybuilders
and athletes don&rsquo;t care about leukocytes, but they do care about muscle and fat. Now (over 300 words later) the
article becomes interesting. The relationship between IL6 and obesity or conditions that might increase or decrease fat
storage has been a confusing tale of conflicting science. Initially, IL6 was believed to be a pro-obesity factor, as it is
increased in obese people and has been shown to increase insulin resistance in animal studies as well as lab studies
using human tissue from certain organs.2-5 Yet, other studies have shown that IL6 increases the metabolism and fat
burning.6-9 The whole issue is still so unresolved, as to have the leading experts in the field still debating on whether IL6
is a factor that aids or impairs aspects relating to weight management and metabolic health.10,11 Fortunately, as new
information is released and scientists&rsquo; knowledge and experience expand, the role of IL6 in humans is becoming
clearer. Unfortunately, only a few scientists are looking at the topic broadly enough to understand the effects of IL6 under
a variety of human conditions. Rodents are often used as the experimental subjects in many studies because they are
expendable, cheap, have short life spans and a physiology that resembles humans. Unfortunately, with the exception of
attorneys and career politicians, rats and humans are different enough to make it difficult to compare the findings in one
species to the other.10 Further, the conditions humans live in are extremely varied and often quite extreme. It is
important to understand the impact of the subjects when trying to interpret the results of IL6 clinical studies. Lastly, it is
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important to realize that because IL6 is involved in so many different systems in the body, that changes unrelated to fat
loss/fat gain may affect IL6 levels.

Early on, it was believed that IL6 promoted fat gain and supported the condition of obesity, because IL6 levels are higher
in obese people compared to lean people.12 Obesity has been found to cause a condition of chronic (persistent or long-
lasting) inflammation. Remember, IL6 plays a central role in inflammation, so it is not surprising to see that IL6 is
increased during an inflammatory state (obesity). The inflammation exists in the intra-abdominal fat, especially the
visceral fat that surrounds the intestines and other internal organs.13 High levels of visceral fat are closely associated
with a number of poor health conditions, such as diabetes, cardiovascular disease and the Metabolic Syndrome. At first,
this bit of evidence seems damning, suggesting IL6 is a pro-obesity factor. However, looking more closely at the role of
IL6 in inflammation and later data finds this may be (and likely is) misleading. IL6 co-exists with another cytokine called
tumor necrosis factor-alpha or TNF. TNF is released in high concentration by visceral fat cells (inside the abdomen) and
reaches the liver in very high amounts. TNF is thought to be a causative factor in a number of negative cellular and
metabolic effects, such as insulin resistance, type 2 diabetes and cardiovascular disease. TNF also stimulates the
production of IL6.

Often, when a hormone stimulates the production of another hormone, it is doing so to generate a second signal or carry
the effect of the first hormone into other cells. However, sometimes a second hormone is produced to regulate the first
hormone in order to prevent an excess of the original signal. Yep, that was confusing. Think of testosterone, which
actually reduces the release of LH (the pituitary hormone that stimulates testosterone production). This is called negative
feedback. In humans, IL6 suppresses (reduces) TNF, an anti-inflammatory effect. Thus, it is clear that conditions that
create high levels of TNF would also create high levels of IL6, which attempts to protect against the overproduction of
TNF. Without understanding the relationship between these two cytokines, one would tend to blame the effects caused
by TNF on IL6 as well, sort of a molecular guilt-by-association.

IL6 is known to cause some effects that on the face of things would seem to be obesigenic (promoting obesity). When
IL6 interacts with receptors on liver cells, it stimulates enzymatic reactions that increase insulin resistance.3,5,14 During
periods of fasting (not eating), the liver creates sugar by breaking down glycogen or from fatty acids or amino acids in a
process called gluconeogenesis. When a person begins eating, one of the first responses of the body is for this process
to be shut down in the liver, as the first phase of insulin is released during a meal. The shutdown of gluconeogenesis
occurs because the constant efflux (outpouring) of sugar from the liver would strain sugar control mechanisms and force
the body to maintain higher insulin levels longer, resulting in a pre-diabetic state. In fact, several of the latest diabetes
drugs function by restoring this first phase response and result in significant weight loss for many people.15 The constant
bombardment of the liver with TNF and IL6 from visceral fat likely creates a state of hepatic (liver) insulin resistance that
accounts for some of the negative consequences seen in states with chronic low-level inflammation, such as obesity.

IL6 also produces insulin resistance in adipocytes (fat cells).4 Though this sounds bad, in regard to fat loss, it may be a
good thing. Fat cells are necessary for long-term health, as they buffer the concentration of fatty acids in the
bloodstream&mdash; during periods of starvation (which is associated with low insulin levels), fats are broken down and
released; following a meal, when insulin is high, fats are stored. Recall that when the liver suffers from insulin resistance,
it continues to pump out sugar, forcing insulin to rise. This increases the fat storage signal, which increases the fat mass,
the source of TNF, which stimulates IL6 production. It is a vicious cycle, like metabolic poverty. When IL6 creates a state
of insulin resistance in the fat cell, it prevents it from storing fat to the same degree, so it would seem that there would be
a balance&mdash; a give and take. However, remember that the IL6 affecting the liver comes primarily from the visceral
fat, whose blood supply drains directly into the liver; whereas the circulating IL6 in the bloodstream that interacts with all
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other depots of fat is diluted by the greater volume of blood or generated by other tissue, such as skeletal muscle or by
the fat cell itself.

This brings to the forefront one of the areas of confusion in the field of IL6 research, acute versus chronic effects. IL6
does indeed have some effects that can lead to insulin resistance and pre-diabetes, therefore promoting obesity if IL6
levels are mildly elevated long-term. However, in normal-weight people who do not have large depots of visceral fat,
acute (short-term) spikes in IL6 actually appear to be beneficial. To better understand this, it is important to realize the
impact of lifestyle&mdash; active versus sedentary.

Aside from fat cells and cells involved in immunity and inflammation, there is one other major source of IL6&mdash;
contracting muscle.9,16,17 When skeletal muscle contracts, such as during exercise, IL6 is released in huge quantities.
This IL6 acts on the tissue immediately surrounding the area as well as getting into the bloodstream. By the time it
reaches the liver (through the hepatic circulation rather than the portal circulation which is the route taken by visceral fat-
originated IL6), the IL6 is diluted. However, the levels reaching subcutaneous fat are considerable. Why would the body
want to put out loads of IL6, especially during exercise when it needs to absorb energy, when IL6 has been shown to
increase insulin resistance in the liver and fat cell?

During short-term exercise, people generally are not consuming calories, particularly people seeking to lose fat. Thus,
there is a huge demand for sugar and fatty acids from the bloodstream to feed the working muscle, which can increase
its metabolic needs by 40 times or more compared to the resting state (that is an increase in calorie burning of 4,000
percent!). In order to decrease the competition from other cells, it is beneficial to cause a temporary insulin resistance
throughout the body in order to reduce the amount of sugar being taken up by other tissues and organs. Also, by keeping
the insulin resistance of the liver higher, the liver continues to pump out sugar through the gluconeogenesis process.
Further, as the fat cells are less responsive to insulin, they will break down and release more fatty acids into the
bloodstream to meet longer term energy demands.

But what about the muscle? After all, it would do little good to increase insulin resistance everywhere only to have the
working muscle suffer the same fate. Fortunately, the body has a wonderful interplay of systems. Glucose (sugar) from
the blood is taken into muscle through transporters called GLUT4 transporters. In resting conditions, these transporters
are held inside the muscle cell so that this large tissue mass does not rob the vital organs of energy. However, when
insulin stimulates receptors on the muscle cell surface, the GLUT4 transporters rush to the cell membrane and start
taking in their share of the calories provided by a meal.18 Obviously, if there is an excess of IL6, this mechanism would
seem to function poorly and sugar control would be affected throughout the whole body.19 This is the case seen in
rodents. In contrast, studies in humans have shown the opposite, with insulin concentrations dropping and glucose
getting shuttled into and burned for calories quicker, as well as an increase in fatty acid oxidation (calorie burning).20,21
In fact, some leading researchers believe the overall effect of IL6 is insulin sensitizing in humans.

This may sound like a wonderful condition, but prolonged exposure to IL6 would not necessarily be a positive situation.
Remember, the fat cells have an important role in buffering fatty acid concentrations. Otherwise, negative effects such as
insulin resistance and atherosclerosis become pathologic. Thus, it would seem that IL6 could be a very positive player if
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its release was controlled and related to a situation where fat and sugar calories were burned quickly.

Sounds like exercise, doesn&rsquo;t it? Exactly so. An interesting observation was noted that contracting muscle
generates a number of physiologic modifiers. Many people are familiar with lactic acid, but guess what other major factor
is released during exercise by contracting muscle? That&rsquo;s right, IL6. Exercise is sometimes called a metabolic
sink because it is a unique physiologic condition that is associated with a tremendous increase in the metabolism of the
body in general and muscle in particular.8 One relevant effect of muscle contraction that is often not accounted for is the
insulin-independent glucose uptake. When a muscle contracts, it causes GLUT4 transporters to migrate to the cell
membrane so that the muscle can grab sugar from the bloodstream to use for energy, without needing to be stimulated
by insulin.22 So, the working muscle is protected from any potential insulin resistance effect of IL6 during exercise.
Remember, in humans IL6 is believed to increase insulin sensitivity in muscle, not insulin resistance, so its effect would
be to enhance glucose uptake by exercising muscle.7,20

One last observation made in humans that is particularly beneficial is that high concentrations of IL6 cause a significant
increase in calorie burning, especially fatty acid oxidation (burning fat for energy).7,8,21,23 Thus, it becomes clear that in
active individuals, IL6 plays a beneficial role in energy production and accounts for some of the fat-loss effect seen with
exercise (increased metabolic rate, increased fatty acid oxidation and increased release of stored fat from fat cells).
However, in a sedentary person, the IL6 source is not active muscle but visceral fat, which causes insulin resistance to a
disproportionate degree in the liver, resulting in the continuous release of excess amounts of sugar and higher insulin
levels. This promotes fat storage over the long term, as is seen in type 2 diabetics.

Researchers have looked at experimental conditions in which IL6 is elevated. Some have exposed people to proteins
found in bacteria that cause fever&hellip;others have injected synthetic IL6-like drugs. In both settings, fat loss is
increased. Not only does muscle-derived IL6 have a net fat loss effect, but it also seems to aid in muscle growth. IL6 is a
vital factor for the satellite cells to differentiate (mature) into myofibers, which is an early step in muscle hypertrophy
(growth).24 However, this is only the case when IL6 is elevated in exercised muscle. Having systemically high IL6 levels,
such as would be seen in obesity or during a fever, leads to muscle wasting. It has also been shown that natural
testosterone levels are inversely related to chronic IL6 levels (meaning when testosterone is high, IL6 is low).25 Also,
TNF increases with age, causing IL6 to increase as well, and higher levels of these two cytokines are associated with a
higher risk of poor health or death.26 It remains to be seen what direction the field of research into cytokines will take,
but one thing is clear amid all the confusion. Cytokines are not a simple set of hormones and the environment must be
taken into account in order to understand their relative benefits and risks. It is possible that direct injections of IL6 into an
exercised muscle or some method to upregulate IL6 production during exercise may increase the lipolytic effect of
exercise, but there is no research yet to support that assumption. It is clear that chronically high levels of IL6, as opposed
to acute elevations seen with exercise, are unhealthy and often reflect conditions that will lead to problems in the long
run.

Nature did not intend for mankind to be sedentary and the duality of IL6 is a perfect example of a beneficial system that
can cause problems in an unhealthy environment. Working the muscles intensely is a natural way to promote quicker fat
loss and continuous muscle growth and IL6 appears to be one of the exercise-dependent factors responsible for many of
the benefits of developing muscle mass and working out intensely.

So, is IL6 a friend or foe? The answer can be yes to both; IL6 is a friend to the fit and foe to the fat. Stay lean and work
hard to keep this powerful hormone as an ally against obesity, aging and metabolic disease.8

SIDEBAR
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Key Facts Relating To IL6 During Exercise And Fat Loss:
&bull; Resting IL6 comes from the visceral fat and is a sign of ongoing inflammation.
&bull; Resting IL6 causes insulin resistance in the liver and can promote dangerous health conditions.

&bull; Resting IL6 levels are three times higher in obese (BMI>30) compared to normal-weight people, four times higher
in the super-obese (BMI>40).

&bull; In addition to inflammatory cells and fat cells, skeletal muscle is a major source of IL6.
&bull; A lifestyle that includes exercise lowers resting IL6.

&bull; During exercise, muscle contractions lead to the production/release of IL6, increasing blood levels nearly 100-fold.
This is rapidly cleared once exercise ends.

&bull; Niacin and high-carbohydrate drinks during exercise lower the IL6 response to exercise in muscle.
&bull; A low-carbohydrate diet may allow for a greater IL6 response by keeping muscle glycogen levels low.
&bull; Supplementation with antioxidants may lower IL6 production during exercise.

&bull; Exercise-related IL6 acts as an anti-insulin at the liver and fat cell to increase energy substrate (fat and sugar) to
the working muscle. This leads to fat loss.

&bull; Exercise-related IL6 works with insulin at the working muscle to increase sugar intake from the blood.
&bull; Exercise-related IL6 increases calorie burning in muscle and fatty acid oxidation specifically.
&bull; Exercise-related IL6 promotes the recruitment of satellite cells into muscle cells to promote muscle hypertrophy.

&bull; Low testosterone is associated with high IL6, aging and chronic diseases.
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