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Introductiontc \l1 "Introduction
HMB is the common name for an exciting new food supplement.  An ideal supplement improves your health while improving your appearance.  If you look good, you are inspired to keep up your good health habits.  HMB is a supplement that makes you look good by improving your physique, while simultaneously improving your body chemistry.  The early research on HMB (actually named -Hydroxy--Methylbutyrate) showed that HMB supplementation lowered total and LDL cholesterol levels in blood and helped strengthen the immune system, while building muscles and burning body fat.  This news is certainly of interest to body builders and other athletes, but it may also become of interest to cancer, AIDS and muscular dystrophy patients.

From antiquity, health has been associated with a Ahealthy looking@ body.  Eating and exercise habits that lead to Ahealthy looking@ bodies usually are the same habits that lead to good health.  It was the physical culturists such as Paul Bragg that had a lot to do with the beginning of the health movement.  It has long intrigued us why, after the mid-twenties, athletic performance declined with age -- even though the athlete trained just as hard and ate just as well.  This question is responsible for leading one of you co-authors (RP) to study the aging process in 1959.  Today there is even a specialized field called sports nutrition that interests young people in nutrition and health, hopefully an interest that will stay with them throughout life.

HMB has been available as a supplement targeted for building muscles and suppressing protein breakdown since October 1995, but because the early research studies were animal studies, HMB did not receive widespread attention until later.  Eventually, brief abstracts of human clinical trials were presented at scientific meetings, and this information quickly found its way to several elite athletes who immediately benefitted from HMB.  Now detailed, full publications of the human clinical studies are available to allow independent scientific review.  Other researchers are following the leads generated by the HMB pioneers and their confirmatory studies are being readied for scientific publication as this book is being printed. These clinical results are very exciting indeed, as are the anecdotal reports from users.  We are able to report these results in this book.

In addition to the research on HMB for building muscles, there are several decades of research behind HMB, arising primarily from its role in cholesterol metabolism.  Scientists had noted the role of HMB in cholesterol synthesis in the early 1950s when it was known as 3-hydroxyisovaleric acid.  Although the most important factor about HMB may be that it is a health builder in that it builds the immune system and lowers cholesterol, most people are interested in its muscle-building and fat-burning actions.

Before we get into the HMB story, let=s take a brief overview by looking at the answers to some frequently asked questions.

What is HMB?tc \l2 "What is HMB?
HMB is the acronym for a very important compound made in our bodies called beta-hydroxy-beta-methylbutyrate.  HMB is a metabolite of the essential amino acid leucine.  In addition to that made in our bodies, we can use HMB from food.  HMB is present in small quantities in both plant and animal foods.  HMB is also available as a dietary supplement.  HMB is not a steroid or drug, and in fact, HMB is a natural component of mother=s milk, which substantiates HMB=s nutrient role.

What does HMB do?tc \l2 "What does HMB do?
HMB is of particular importance to us because it helps strengthen our immune system, lowers blood cholesterol, protects against stress and builds strong muscles.  Studies with body-builders have shown that HMB can, on average, speed muscle mass and strength gains by 50 percent.  HMB also has other nutritional functions such as it is found in the milk of lactating women.

Later, we will look into these functions in more detail, but for now let=s just take a quick look at Figure 1 to see why HMB is needed to produce muscles.


Figure 1.  The role of HMB and exercise in increasing Muscle mass.  Both HMB and exercise are important for building muscles.  You can exercise a lot, but if your body doesn=t make enough HMB, your muscle growth will be restricted.
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The immune system protects us against invaders such as bacteria and viruses.  The immune system also destroys mutated cells such as cancer cells.  In essence, the immune system tries to destroy anything in your body that shouldn=t be there.  It protects you by attacking anything that is not you.  Whether or not your immune system can protect you against these and cancer depends on the strength of the immune system.  HMB strengthens your immune system by allowing it to produce white blood cells as quickly as needed.  Figure 2 shows how HMB is involved in building immune system cells.


Figure 2.  The role of HMB in strengthening the immune system to prevent disease.
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We will also discuss the roles of HMB in lowering blood cholesterol and fighting stress in later sections.

How is HMB made?tc \l2 "How is HMB made?
We produce our own HMB from the amino acid leucine after leucine has been metabolized to a compound called alpha-ketoisocaproate (KIC).  An amino acid is a small compound containing both an acid group and an amino group, thus the term Aamino acid.@  The amino group contains nitrogen.  You will see why this fact is important when we discuss proteins and muscles in term of nitrogen balance.

Leucine is vital to our health, yet we can not make leucine in our bodies.  We depend on our diet for the leucine, just as we do for vitamins.  Leucine is called a Adietary essential@ amino acid for that very reason.  Besides leucine, there are eight other amino acids that are considered essential.  Eleven other amino acids can be made in the body from the nine essential amino acids.  These common amino acids are Abuilding blocks@ that can be linked together to form thousands of different proteins.  Thus, proteins, the most abundant biochemicals in the body, are very long chains of amino acids linked together.

Plants and animals make proteins from the amino acids.  Then we eat the proteins and digest them, which breaks them apart to the individual amino acids (or at least to smaller linkages of two or three amino acids).  These groups of two or three amino acids are called Apeptides.@  We call the individual amino acids Afree@ amino acids to distinguish them from amino acids that are joined together.  Free amino acids do not widely occur in nature, as the vast majority of amino acids are tied up in proteins.

Free amino acids and peptides are absorbed from the digestive tract into the bloodstream where they are transported to the liver.  The liver uses some amino acids and circulates others to cells throughout the body for use as needed.  The liver can complete the task of breaking down peptides into individual amino acids and the liver can assemble the amino acids into new protein.  

Many of the enzymes that drive the thousands of chemical reactions of life are made in the liver.  Enzymes are proteins, and thus made from amino acids.  The free amino acids that circulate in the bloodstream are available for use by the appropriate cells for such things as building our muscles and making the cells of the immune system.

Leucine is called a Abranched-chain@ amino acid (BCAA), as are the essential amino acids isoleucine and valine.  BCAA are so-called because they have carbon atoms that branch out from the main Abackbone@ of carbon atoms.  The three BCAA have been considered together to have anabolic effects similar to those of insulin.  BCAA are important constituents of muscle fibers, but that is not why leucine is so important to building massive muscles.  The leucine obtained from our diet is used for several purposes in the body.  Leucine can become a structural part of the many thousands of different proteins in the body, including muscles and enzymes.  When early research showed that leucine was critical to muscle building, it was assumed that it was just because it was needed for the protein in muscle fibers.  Now, we know that it is much more than that.

When we have adequate amounts of leucine in our diet, some is transported into muscle cells.  Within muscle cells leucine can be converted into KIC.  In turn, if there is enough produced, some KIC can be converted into HMB.  Under optimal conditions, about five percent of dietary leucine is converted to HMB.  It is estimated that one would have to eat almost five pounds (2,300 grams) of meat to get about two ounces (60 grams) of leucine to make about three grams of HMB in the young healthy male.  If you could eat that much, you would be getting a lot of calories and fat that you didn=t need.  Figure 3 reviews the basic steps in how the body makes HMB.    

Supplemental HMB is probably needed to permit the rapid growth of muscle cells.  As we will discuss in detail later, HMB is needed in the production of the muscle cell membranes.  Muscle cells have an especially intricate membrane system which is vital to their function.


Figure 3.  The production of HMB from food proteins.
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Where is HMB made?tc \l2 "Where is HMB made?
Muscle and liver are the major sites of HMB production although this hasn=t been extensively studied.  In humans it has been estimated that we make somewhere between 1/4 of a gram to one gram of HMB per day, depending on the protein intake.  If we were to eat extremely high levels of leucine-rich protein, we theoretically could produce up to several grams of HMB per day.

Most foods have very low HMB concentrations (about one part per million).  However, in some plant products such as alfalfa, some fermentation products, and some meats such as catfish, concentrations can reach greater than 20 times higher than most foods.  Nonetheless, foods are not a significant source of HMB under normal circumstances.  Since dietary HMB is low and HMB production in the body is limited by protein intake, better results can be obtained with the use of HMB supplements.

How does HMB work?tc \l2 "How does HMB work?
Who cares?  Well, the scientists have to know how HMB works so that they can continue discover how to gain more benefits from specific dietary supplements such as HMB.  The more we know about building muscles and strengthening the immune system, the more we can improve the process.  In fact, the researchers studying HMB have had to make educated guesses (hypothesis) and then test these hypothesis to see if they are right.  As they have gained more experimental data, they then Aadjust@ their hypothesis as to how HMB works.

  In building muscles, what is important is that more cell protein is made than  destroyed.  You can improve the protein balance either by slowing the degradation (catabolism) or by speeding up the production (anabolism) of cell proteins.   While it has been shown that HMB improves this balance through a slowing of protein degradation, it was not known how this occurred.  At first, it was thought that HMB might be blocking the enzymes that carry out this catabolic process or that HMB itself may be an integral part of cell membranes.  While neither of these hypotheses has been completely ruled out, the scientists now believe that the most likely action of HMB is as a precursor to an important part of muscle cell membranes.  The most likely mechanism for this is via the intra-cellular synthesis of cholesterol which is a vital component of cell membranes.

  However, no one has to know how HMB works to benefit from it.  What is important to know is that several studies have verified that HMB does indeed work to build massive muscles, strengthen the immune system and lower blood cholesterol levels.  These studies will be examined shortly.  However, many people like to have a conceptual explanation as to what is going on in the body with HMB.  They know it is not magic, so what is involved?

Figures 1 and 2 illustrate that HMB can be used to make muscles and white blood cells of the immune system.  The story as to how they do this is much more complicated.  Later in this book we will examine the research that made the exciting discoveries that lead to our understanding of how HMB functions to do these tasks.  It=s not that we don=t want to spoil the story by telling the ending first, it is just that some more background is required for the non-specialist to fully understand the question of Ahow.@  If the experts have had difficulty in figuring it out, you can see that it is complex.  If we tried to explain it now, it might sound confusing.  However, the key is that HMB is needed to produce a compound critical for cell growth.  What might be especially confusing to non-specialists, is that the compound stimulated by HMB may be plentiful in the blood, but it is difficult to get this compound into the cell where it is needed.  HMB helps produce this compound right where it is needed and in ample amounts, as long as there is HMB.

HMB Researchtc \l1 "HMB Research
The scientist who discovered that HMB helps build muscles quicker than any supplement yet known is Dr. Steven L. Nissen, D.V.M., Ph.D.  Dr. Nissen received his Doctorate of Veterinary Medicine in 1976, his Masters of Science in 1977, and his Doctorate of Philosophy in 1981, all from Iowa State University.  Dr. Nissen has been a Postdoctoral research fellow and a National Institutes of Health-Diabetes fellow at the Mayo Clinic in Rochester from 1979 to 1982.  Dr. Nissen has been an Assistant Professor (1982-1987), Associate Professor (1987-1993), and since 1993, is a Professor in the Department of Animal Science at Iowa State University.  

Dr. Nissen has published over 40 scientific studies in peer-reviewed journals and has been granted eleven patents, several of which are Ause patents@ on HMB and, beside his duties as a professor and researcher, is concurrently the CEO of Metabolic Technologies Inc.  Dr. Nissen has won the Outstanding Graduate Student Research Award at ISU in 1979, and the Walnut Grove Outstanding Research Award in 1992.  He has also been recognized in the scientific community for his research by receiving the National Institutes of Health Young Investigator Award in 1982.

Dr. Nissen devoted most of his academic career doing research related to muscle and amino acid metabolism.  Specifically, he directed his research on the amino acid leucine and how it=s metabolized in muscle and how it regulates muscle growth.  So it was a natural extension of this work that led him down the metabolic pathway to the leucine metabolite HMB.

Initially, Dr. Nissen=s interests in HMB were related to animal meat production.  He was interested in helping farmers raise leaner, more efficient cattle and other farm animals.  Dr. Nissen started his HMB research after brainstorming with graduate students in 1988.  They were doing another experiment related to soybean meal and protein nutrition.  They had three sheep that were not assigned to that experiment and thus were available for other studies.  They decided to make some HMB and feed it to the sheep.  The results, although extremely preliminary, were very encouraging.  The sheep gained muscle and lost fat.

Several of his early experiments focused on meat production in sheep, cattle and chickens.  His interest in human muscle metabolism and muscle strength really evolved out of a common interest in leucine metabolism between Dr. Naji Abumrad, who at that time was at Vanderbilt University, and himself.  Now, in addition to his duties as Professor and Chief of Surgery at North Shore Medical Hospital, Dr. Abumrad is still involved in HMB research.  Dr. Abumrad has published about 150 scientific articles in peer-reviewed journals at this writing.  He also serves on the Board of Editors of Metabolism, The American Journal of Physiology, The Journal of Parenteral and Enteral Nutrition, The Journal of the American College of Surgeons, and Nutrition in the Critically Ill Patient.

When Drs. Nissen and Abumrad first teamed up, Dr. Abumrad volunteered to do a study of the effect of HMB on protein metabolism.  From there, a series of human studies evolved that created the safety and efficacy database on HMB.  Drs. Nissen and Abumrad have been colleagues in research for 15 years at this writing.  Two of their common links are their interest in leucine metabolism and isotopic modeling of protein metabolism. 

Co-author Dr. John Fuller, Jr., Ph.D. joined Dr. Nissen=s research team in 1987 as a graduate student at Iowa State University.  Dr. Fuller has graduate degrees in Nutrition and Muscle Biology.  He has participated in many of the original studies and now continues this research with Dr. Nissen in the position of Director of Animal Research at Metabolic Technologies Inc. 

Our point in going into such detail with these biographies is to make it clear that this is sound research over a considerable length of time by qualified investigators at an established university in this field.  Unfortunately, a few of the supplements designed for sports nutrition have been highly Ahyped,@but were based on weak research that didn=t hold up under additional study.  As a result, we have learned to be exceptionally skeptical about sports nutrition supplements.  You will see that the research behind HMB is extensive and solid.

Many of the important discoveries in biochemistry and nutrition have come from the field of animal sciences.  It wasn=t too long ago that virtually all of the discoveries came from this field.  The importance of good nutrition to milk production, wool production, meat production, etc. all reflect the health of the animal.  Farmers knew that good nutrition paid dividends in profit as well as health.  However, at the same time, established nutritionists in the field of human sciences generally refused to conduct studies with vitamins, minerals and other micronutrients with respect to health.  It was not until the epidemiologist essentially forced nutritional scientists to make these studies from their findings of the association of nutrients with decreased incidence of disease.  The field of nutrition owes a great debt to those pioneers in the animal sciences. 

In order to benefit from HMB, it is not necessary to understand how it works or how the scientists went about proving that HMB does work.  What is important is to know that there have been studies that provide evidence that HMB does improve muscle strength, muscle size, immune function and lowers blood cholesterol levels.  It will take many more years of research by several independent groups to produce enough evidence and verification for scientists to feel that they have Aabsolute@ proof.  However, there is already enough experimental and real life evidence, verified by other researchers, to make an informed conclusion.  HMB does work in the real world to build massive muscles and reduce the harmful effects of stress.

This research is like a detective story that may be of interest to you.  If you are not interested in the details of how the mystery of how HMB was solved, you may wish to jump ahead and look at the research results.  After all, we all want results.

Solving the Mysterytc \l2 "Solving the Mystery
It=s difficult to study the entire metabolic process at one time, so scientists use simple models that they can control and monitor very closely.  It has long been noted that the amino acid leucine is important to muscle growth beyond what it contributes to the actual structure of the muscle fiber.   In 1979, Dr. B. Chua and his associates demonstrated that leucine increased heart muscle protein synthesis by 40 percent when the blood level of leucine alone was increased by five times the normal amount.  Through the years, several research groups have shown that leucine has improved recovery from liver failure and stress, including the stresses of infection and trauma.

There were several clues that BCAA are important to the regulation of protein metabolism that were inferred from the changes of BCAA in blood under certain conditions.  Blood BCAA levels increase during the first week of fasting or starvation, as they do in insulin-deprived diabetics. This implies that blood levels of BCAA are involved in regulating protein turnover.  In laboratory animal studies BCAA  decreased the breakdown of muscle and enhanced protein synthesis.

By 1990, Dr. Abumrad and his colleagues had ascertained that all of the beneficial effects of BCAA on protein synthesis were due to leucine.  However, studies with normal exercising humans in 1991 by Dr. E. Blomstrand and colleagues found little or no effect of leucine on muscle mass or strength.  Additional studies with pigs, lambs and fish by various research groups including Dr. Nissen=s, found no effect of leucine supplementation on muscle growth.  Therefore, there is no scientific support to the suggestion that leucine may have an anabolic effect in exercising humans.

This research really stemmed out of earlier research on the precursor to HMB which is KIC.   KIC could mimic the anabolic effects of leucine.  KIC reduced proteolysis and increased protein synthesis in tissues isolated in laboratory glassware.  Animal studies showed that KIC was nitrogen-sparing and reduced muscle glucose (blood sugar) utilization.  To obtain these results with leucine or KIC, large quantities had to be used.  In terms of human usage, typically the equivalent of about four ounces (120 grams) of leucine or about two ounces (60 grams) of KIC. 

Although leucine and KIC were known to increase muscle and immune cell production, most of the studies were done in animals undergoing extremes such as starvation or trauma.    

How then do all of these observations fit together?  This was a question that intrigued Dr. Nissen.  Dr. Nissen set out to find the answer with additional experimentation in the laboratory before returning to animal studies.  It had been known for some thirty years, that the leucine pathway in lymphocytes was important to lymphocyte growth and immune system function.   One model system known for the study of leucine on growth is a small white blood cell that is critical to immune function called a lymphocyte.  Dr. Nissen and his colleagues found KIC was reasonably active in animals in simulating the immune system in stressful situations.

After considerable research on leucine and KIC, they then asked the question, Aare there other downstream compounds in this metabolic pathway that may be responsible for the effect that we are attributing to KIC?@  We now know that the answer to this question was Ayes.@  HMB appears to be responsible for the effects of leucine and KIC on the lymphocytes.

In a following experiment, one that really changed their focus to HMB, Dr. Nissen and his colleagues added every compound they could think of that was involved in the leucine metabolic pathway to the isolated lymphocytes in laboratory glassware and measured their growth.  The only compound that really showed an enhancement of lymphocyte function was HMB.  This really impacted their thinking and from then on they focused all their attention on HMB.

Animal Studiestc \l1 "Animal Studies
Before we know it is safe to test dietary supplements in people, we must know a lot about how the supplement is supposed to work and is it safe to consume?  Animal studies provide a lot of this vital information.  Dr. Nissen was actually looking for a supplement to help animals of commerce live healthier and produce more efficiently when he started his quest to understand the role of leucine, KIC and HMB.  Table 1 summarizes animal studies with HMB, many of which were performed before the human studies began.

Table 1.  Summary of animal studies with HMB.

	
Species
	
Number of experiments
	
Results

	Cattle (400 kg)
	
1
	Less fat

	Cattle, shipping-stressed (200 kg)
	
4
	Less respiratory disease, reduced mortality.

	Chickens
	
9
	Better growth, increased muscle, improved immune function, reduced mortality

	Goats
	
1
	Improved milk quality


	Hamsters
	
3
	Low-density lipoproteins decreased

	Pigs, weanling
	
2
	Improved immune function

	Pigs, lactating
	
6
	Improved milk production, healthier, bigger piglets

	Pigs (20 kg)
	
1
	No adverse effects from dose 50 times higher than recommended dose.

	Sheep
	
3
	Less fat, more lean meat, improved immune status


Adapted from studies listed in the bibliography.

The major application for HMB right now in animals is related to health.  Dr. Nissen and his colleagues have studied HMB in thousands of animals and a very consistent and reproducible effect is that HMB supplementation improves animal health.  This is reflected in both decreased mortality and decreased morbidity of animals.

Dr. Nissen, with co-author Dr. John Fuller participating in several, did studies on physical deprivations such as confinement and shipping and handling.  This type of stress has serious effects on the body which HMB can protect against.  Again, this goes back to what HMB is doing in the body, and that is basically allowing maximal activation of the immune system in the body.  During handling, immune function actually goes down because of increases in the hormone cortisol.  HMB basically gives the animal the ability to maintain a more normal immune system and fight infections in a more appropriate manner.

Human Studiestc \l1 "Human Studies
Thanks to animal studies, Drs. Nissen, Abumrad, Fuller and their colleagues were encouraged to see if HMB had similar benefits in humans.  Several studies have been completed and they all show that HMB is safe and effective for men and women and the young and old.  Here=s the human story.

Building Massive Musclestc \l2 "Building Massive Muscles
Let=s talk about building muscles for a moment.  Your more than 400 muscles contain about 250 million muscle cells.  Muscles are tissues composed of fibers that are able to contract to move parts and organs of the body.  Generally, muscles are classified into two types, smooth muscles and striated muscles.  Striated muscles are skeletal muscles, which except for the heart, we can voluntarily control their movement.  The heart is sometimes classified as a third type, but it is basically a striated muscle having slightly different responses to stimuli.  Smooth muscles are muscles within hollow organs.  About 40 percent of the average body is skeletal muscle, and perhaps another ten percent is smooth and heart muscle.  Of course, advanced body builders have a larger percentage of striated muscle in their bodies.

Our muscles come in many sizes.  Our largest muscle is the quadriceps and the smallest is the stapedius muscle of the middle ear.  The typical quadriceps muscle is a half million times the size of the stapedius, which is only a few millimeters in length and a millimeter or two in diameter.

Muscle growth and size are related to the amount of use they receive.  Nature is very conservative, and if something is not used it will be done away with.  Nature=s rule is, Ause it or lose it.@  Nature sees no sense in having to feed big muscles if they aren=t going to be used for anything.  So if we don=t use our muscles for hard work or exercise, they will atrophy to the size and strength needed for the amount of work to which they are subjected.  At this point, the muscles will reach a steady-state of no growth or atrophy where synthesis and breakdown are equally balanced.  During muscle growth (in response to stimuli such as weight lifting) protein synthesis is greater than protein breakdown.

Additionally, muscles are continually using this balance of synthesis and breakdown to undergo a Aremodeling@ in the body.  This means that muscle proteins are continually being replaced, sometimes in as little as a few weeks.  During this remodeling, muscles can alter their diameters, lengths, strengths, neural and blood supplies, energy producing enzymes and even their type of muscle fiber.  Back to how this is affected by the amount of exercise or work, if you don=t exercise or work the muscles will slowly atrophy, but if you apply strenuous work the muscles will adjust by growing.  That is, unless you overwork which could result in tearing down more muscle than can be built for at least a short time.  So the important message is that muscle size is basically a function of the amount of work a muscle is asked to perform and that both catabolism and anabolism are important in determining how large a muscle will grow.

As mentioned earlier, HMB has been shown to prevent muscle cells from breaking down.  Many people have been taught that exercise builds muscles by first destroying the old muscle cells (catabolism) which are then replaced by new and stronger muscle cells (anabolism).  This old paradigm is not accurate.  Let=s look at just what has to occur to build muscle and strength.

Muscle growth is not a process of dying cells being replaced with new muscle cells.  We pretty much have the same number of muscle fibers that we are born with throughout life.  The process of building new muscle actually involves adding new nuclei and more protein within those fibers, through a process called Ahypertrophy.@  Each muscle fiber contains several hundred to several thousand myofibrils (slender strands).  In turn, each myofibril contains about 1,500 myosin filaments and 3,000 actin filaments.  The addition of nuclei and protein increase the number of actin and myosin filaments in each fiber, thus causing enlargement of these same muscle fibers.  The greater number of actin and myosin filaments in the myofibrils (muscle fibers) induce these myofibrils to split within each muscle fiber to form new myofibrils.

Therefore, the process of building up muscle is the result of making new muscle protein and this, of course, is a fine balance between making protein (protein synthesis), and the normal process of tearing down proteins (proteolysis).  What Dr. Nissen and others have found is that intense muscle exercise actually increases both protein synthesis and protein breakdown.  

Muscle growth results from three factors working together:

 first, there must be a stimulus that causes a contraction at or near

 maximal force;  

second, there must be adequate nutrients present to use in the building

 process.  These nutrients include the amino acids used to form muscle

 protein and the vitamins and minerals to use in the building of muscle

 proteins;

 and third, there must be an adequate supply of all of the compounds

 and factors needed to make the muscle cells grow. These factors are

 not only nutrients that we eat, but compounds made from other

compounds within the muscle cells. 

Even with maximal exercise and extra protein, vitamins, and minerals, the muscles can=t grow any faster than that allowed by the compounds produced within the muscle cells.  What would happen if we can increase the production of one of these key compounds?  This is what Dr. Nissen and his colleagues wanted to know C specifically which compounds are critical and what happens when more are made available to the muscle cells?

We still don=t understand the complete story about how maximal muscle contraction leads to increased muscle growth, but studies show that HMB appears to be a critical factor that we can add to our diets to enhance muscle growth.  Let=s look at the evidence.

Study Resultstc \l2 "Study Results
Much of the early research with HMB was done with animal studies.  As we mentioned earlier, that was because Dr. Nissen was interested in raising leaner, more efficient animals.  HMB has been studied in cattle, sheep, pigs, chickens, horses, rabbits, guinea pigs, rats, goats and quail.  HMB has been fed to more than 10,000 animals.  It was only later did he realize that HMB would benefit us humans as well.  At this writing in 1996,  Dr. Nissen and his colleagues have also been involved in seven human studies relating to HMB.  These studies have been in both men and women, and in exercised and unexercised settings.  In addition, all the studies have had a safety/health component to them to collect data on the safety of HMB.  

The first human study was essentially designed to check the safety of HMB.  This safety study is discussed later in the section on safety as Human Study Number One.

The second human study was to determine the effects of HMB supplementation on nitrogen balance.  This tells us whether we are building more proteins (anabolism) or if more of the body proteins are being torn down (catabolism). The amount of nitrogen released into the urine provides us with some information about how much protein in the diet is being utilized by the body.  Amino acids are our primary source of nitrogen.  Thus, proteins are very rich in nitrogen.  When proteins are being made, our body content of nitrogen goes up.  When proteins are being torn down, nitrogen is lost.  Protein is broken back down into amino acids.  If there is no more need for the amino acids to build more protein, they can be converted into other compounds in the body.  To do this, the body strips off the nitrogen from the amino acid leaving a carbon skeleton.  This excess nitrogen usually ends up as urea in the urine.  The amount of nitrogen compounds in the urine, principally urea, is an indicator of the amount of nitrogen balance when compared with the dietary intake of nitrogen.  If you are losing muscle, urinary nitrogen increases.  If you are gaining muscle, urinary nitrogen decreases. 

Let=s call this study AHuman Study Number Two@ to help keep track of which study is which. [US Patent 5,348,979]  In this study, five men with an average age of 30 years were monitored twice, in random order, in a cross-over design.  For two weeks they took a placebo (an inert, look-alike capsule).  Then they were monitored for another two weeks during which they took two grams of HMB daily.  All volunteers received their meals at a clinical research unit. Blood parameters and nitrogen balance were monitored.  The only change in blood chemistry was a decrease in cholesterol.  Nitrogen balance improved by about 18 percent.

During the placebo phase of the study, their urinary nitrogen content, on the average, increased from a beginning level of 14.5 to 16.1 grams per day.  This average was an increase of 1.6 grams per day.  During the HMB-supplementation phase, their average urinary nitrogen decreased from 16.7 to 15.4 grams per day.  This is an average decrease of 1.3 grams per day (p<0.05).  This indicates that the ratio of muscle gained to muscle lost had improved in the direction of more muscle retention or gain when the subjects were taking HMB..

Skin-fold thickness measurements, which indicate the amount of body-fat, were made on three of the volunteers.  During the control period, the skin-fold thickness indicated that their body-fat content decreased from 12.4 percent fat to 12.0 percent body-fat.  During the HMB supplementation period, their body fat decreased from 12.5 percent body fat to 11 percent.  Body weight did not change during the control period, but increased (1.4 %) during the HMB-supplemented period.  The calculations would then show that the subject=s gain was in fact, lean tissue.

Safety data was obtained and is reported in the safety section.
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On June 2, 1995, the exciting results of Human Study Number Three were presented to the American College of Sports Medicine=s Conference in Minneapolis, Minnesota.  In this study conducted by Dr. Nissen=s group (including co-author Dr. John Fuller), 40 volunteers were recruited to participate in a resistance-training program and were randomly assigned to one of three levels of HMB intake. [Nissen, S., et al.,  J. Appl. Physiol. 81:2095-2104 (1996)]  Those in the first group received a placebo, those in the second group received one-and-a-half grams of HMB daily, and those in the third group received three grams of HMB daily.  

Then during the next three weeks, the volunteers participated in a supervised exercise routine.  The results were striking.  After only one week there was a dramatic change in those receiving three grams of HMB daily.  Their protein degradation (catabolism) was 44 percent less than those receiving the placebo.  The muscle breakdown was measured in terms of increased urinary 3-methylhistidine (3-MH).

During the study, all of the HMB-supplemented volunteers had less catabolism than the placebo-supplemented volunteers.  All participants benefitted from the training, but there was a dose-responsive improvement in muscle mass and strength in those who took HMB supplements.  Table 2 lists the results after three weeks of exercise and Figures 6 and 7 illustrate these results in graphical form.

Table 2. Results from Human Study Number 3.

	
	
No HMB
	
1.5 grams HMB 


daily
	
3 grams HMB


daily

	Muscle Mass increase (pounds)
	
0.88
	
1.76
	
2.64

	Strength increase (%)
	
8
	
13
	
18.4


Data from Nissen et al., J. Appl. Physiol. 81:2095-2104 (1996).
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So, HMB was indeed found to have a dose-related response on muscle mass.  The more HMB consumed up to three grams daily, the less muscle protein degradation.  Translating this to a daily muscle turnover rate, the placebo-supplemented control group went from 3 percent per day to 6 percent per day, whereas in the HMB-supplemented groups the increase from the basal 3 percent per day was only 5.5 and 4.5 percent per day, respectively for the 1.5 and 3 gram daily HMB-supplemented volunteers.  The strenuous resistance-exercise program the volunteers undertook increased protein degradation, but again this calculation shows that three grams of HMB daily resulted in about a fifty percent decrease in this rise in protein degradation which translated to a 200 percent increase in lean tissue (muscle mass) gains compared with the placebo-supplemented group.

The study also measured muscle damage by measuring the amount of  the enzyme creatine phosphokinase (CPK) present in the blood.  CPK averaged 666 units per milliliter (U/mL) of blood in those who received no HMB, 388 U/mL in those receiving 1.5 grams of HMB daily, and 304 U/mL in those receiving 3 grams of HMB daily, after three weeks of strenuous resistance exercise.  Another enzyme, lactate dehydrogenase (LDH), averaged 187 U/mL in those not receiving HMB, 171 U/mL in those receiving 1.5 grams of HMB daily, and 169 U/mL in those receiving 3 grams of HMB daily after three weeks.  Both of these enzymes measure muscle damage and both indicated less muscle damage occurred in HMB-supplemented volunteers.

Table 3.  Effect of HMB on Muscle Breakdown and Damage.

	Daily HMB (grams)
	
Muscle Protein Damage


(% degradation/day)
	
Plasma CPK


(U/mL)
	
Plasma LDH


(U/mL)

	
0
	
6.0
	
666
	
187

	
1.5 
	
5.5
	
388
	
171

	
3
	
4.5
	
304
	
169


Data from Nissen, S., et al., J. Appl. Physiol. 2095-2104 (1996)

Human Study Number Four involved athletes who were members of the Iowa State University football team.  These athletes were performing the stringent exercises of spring training [Nissen et al., J. Appl. Physiol. 81:2095-2104 (1996)].  In this study, 32 men between the ages of 20 and 28 years of age and weighing between 175 pounds (80 kg) and 285 pounds (130 kg) were observed for seven weeks.  The volunteers were supplemented either with three grams of HMB daily contained in a protein-shake or they received a placebo shake containing no HMB.

The volunteers had their body composition determined at the beginning of the study, and weekly thereafter.  Their strength was measured by determining their one-repetition maximums of the bench-press, the squat, and the hang-clean at the beginning and end of the study.  The volunteers exercised a total of six days a week with resistance exercises on five days each week.  All volunteers ate their normal meals at the athletic training center and were allowed free access to another protein drink during the workouts.

The results were very impressive.  The HMB-supplemented group had a rapid and sustained increase in muscle mass, while the control group had virtually no gain in muscle mass.  The HMB grouped averaged about 13 ounces (365 grams) per week gain in muscle mass, as opposed to no gain in the controls.  Fat loss was negligible in both the control and HMB groups during this study.  Each group only lost about one-half to two-thirds of a pound of fat during this study, therefore the fat loss was not statistically significant.  However, the volunteers in this study were trained athletes and averaged only about 16 percent body fat at the start of the experiment and remember, there were huge lean gains in the athletes who were taking the HMB supplement.

Perhaps, just as important, the HMB-supplemented group had significant increases (250 %) in muscle function.  There was a 15 pound (6.8 kg) average increase in bench-press strength in the HMB group compared with only a 5.4 pound (2.45 kg) average increase in the control group.  Table 4 summarizes the study results.

Table 4.  Summary of Gains in Exercising Football Players with HMB Supplementation.

	
	
Controls
	
HMB

	
Gain in Muscle Mass
	
0
	
13 ounces/week

	
Bench Press Strength Increase (pounds)
	
5.4
	
15


Data from Nissen, S., et al., J. Appl. Physiol. 81:2095-2104 (1996)

Human Study Number Five was a double-blind study, involving 23 untrained and 17 exercise-trained volunteers who were given either a placebo or three grams of HMB per day during a four-week strenuous exercise program [ Nissen, S., et al. FASEB J 10:A287(1996)].  The trained volunteers had been participating in regular resistance exercise at least three times per week, whereas, the untrained participants were not involved in weight training for at least four months prior to the study.

In the study, all volunteers performed 4 weeks of exercise which consisted of 8 resistance exercises and 2 trunk exercises that were performed on Monday, Wednesday and Friday of each week.  Three sets of each exercise were performed, and weights increased such that failure occurred at the 3 - 6th repetition of each set.

At the beginning of the study, the volunteers averaged about 33.7 pounds (15.3 kg) of body-fat, and 148.5 pounds (67.5 kg) of lean mass.  The results showed that HMB produced muscle mass increases in both trained and untrained groups.  On average, HMB increased muscle mass (lean body weight) by 4.44 ponds (3.1%) and decreased body fat by 2.17 pounds (7.3%) in comparison to the placebo-supplemented group which on average gained 2.83 pounds of muscle mass (1.9%) and lost about a pound of body fat (2.2%).  Thus, the HMB group had a 57% greater gain in muscle mass over the control group, and a 119% greater loss of body fat.  Considering the improvement in physique due to both the gain in muscle mass and the loss of body fat, the HMB group improvement was overall 73% greater than the placebo-supplemented group.

The increase in muscle mass was also reflected in the fact that there was a 58% greater gain in bench press in those volunteers receiving HMB compared with those receiving the placebo.  As seen in Table 5, in just four weeks the HMB group added 22.4 pounds to their bench press whereas the placebo-supplemented group only added 14.2 pounds to their bench press during the same time period.  These results are summarized in Table 5 and figures 8 and 9.

Table 5.  Changes in muscle mass, body-fat and strength after four weeks of HMB supplementation.

	
	
Control Group
	
HMB Group
	
HMB/Control

	Muscle Mass Gain (lbs)
	
2.83
	
4.44
	
1.57 X.

	Body-fat Change (lbs)
	
- 0.99
	
- 2.17
	
2.19  X

	Bench-press Gain (lbs)
	
14.2
	
22.4
	
1.58 X

	Total Physique Enhancement (Muscle gain plus fat loss) (pounds)
	
3.82
	
6.61
	
1.73 X


Data from  Nissen, S., et al., FASEB J 10:A287  (1996)
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Human Study Number Six was a safety study involving women.  Dr. Nissen has submitted the results for publication in the peer-reviewed scientific literature and these results are currently in press (expected to be published in 1997).  In brief, the study confirmed the safety of HMB in normal women not undergoing any formal exercise program.  This study also showed that you need to exercise to achieve maximal results with HMB as there were no significant changes in body composition or strength in these non-exercising women.

Other studies have been completed and are being prepared for publication at this writing.  Dr. Nissen, co-author Dr. Fuller, and their colleagues conducted a study to determine if HMB was also effective in building muscle with women as with men.  In an abstract submitted to the FASEB Journal for consideration for publication in March of 1997, the researchers report that HMB also increased lean weight (muscle) gain and strength in women.

In this first HMB study with exercising women, 37 women were supplemented with either a placebo or three grams of HMB daily combined with supervised weight-training three times a week.  Body composition was also measured at the beginning and at four weeks.  The preliminary results are shown in Table 6.

Table 6.  Effect of HMB on Exercising Women.

	
	
Placebo
	
HMB
	
HMB/Placebo


Ratio

	Muscle gain (pounds)
	
0.814
	
1.87
	
2.30 X

	Fat loss (pounds)
	
0.176
	
0.484
	
2.75 X

	Increase in bench press 
	
9 %
	
16 %
	
1.78 X


Nissen, S., et al. (In review)

As was seen in the previously described studies with weight training men, women essentially responded the same to HMB supplementation.  As seen in Table 6, there was a 130 percent increase in lean tissue gain (muscle mass) and a 175 percent increase in fat loss.  Again, this increase in muscle translated into a 78 percent greater increase in bench press weight in those who took the HMB supplement when compared to the placebo-supplemented controls.

In another study submitted as an abstract for presentation at the April 1997 EB97 meeting, Dr. Matthew Vukovich and colleagues at Wichita State University studied strength gains and body composition in older adults.  The study concluded that Asignificant gains in muscular strength and lean mass can be accomplished in the older adults, as previously demonstrated in young adults, when the leucine metabolite HMB, is supplemented daily.@
In this double-blind study, fifteen men and sixteen women were randomly assigned to either a placebo or three grams of HMB daily for eight weeks.  A one repetition maximum test, body fat and lean mass were measured prior to the study, after four-weeks, and immediately following the eight week training program.  After four weeks of training, HMB supplementation increased leg strength more than 107 percent than that of the placebo-supplemented group, and after eight weeks of training, HMB supplementation resulted in more muscle gain and fat loss compared with the placebo group.  In fact, the placebo-supplemented group had lost lean mass while the HMB-supplemented group gained muscle mass.

In summary, all these studies showed that HMB was safe.  In many of the studies, there was some effect of exercise, however, these studies show that to maximize the beneficial effect of exercise, whether you are a man or a woman, young or old, your body needs supplemental HMB above and beyond what is contained in your diet and what your body can produce from dietary sources.  The best gains in muscle mass can be made by proper exercise, a good diet and taking three grams of HMB daily.  The HMB supplementation should be done every day C not just on the exercise days or when it is convenient.

Olympic and Professional Athletestc \l2 "Olympic and Professional Athletes
Several newspaper articles have mentioned that a few U. S. Olympic athletes, especially swimmers, benefitted from HMB during the 1996 Olympics in Atlanta.  This is amazing since the supplement was virtually unknown and very scarce at that time.  HMB has become especially popular with swimmers, body builders and some of the professional football teams.

The U. S. Olympic women=s swimming team won more than a dozen medals including six golds.  The Des Moines, Iowa newspaper, AThe Des Moines Register@ reported on July 26, 1996 that the Awomen=s swim team coach Richard Quick and sports medicine director Rick Sharp started experimenting with HMB earlier this year.@
Olympic athletes use HMB legally because it is a natural body compound and naturally occurs in foods.  If anyone ever decided to rule otherwise, they would never be able to distinguish between native HMB that is made in a person=s body, or food HMB and the HMB taken as a dietary supplement.  Because HMB is a nutrient, you can enjoy all of the benefits of HMB in a drug-free program.

On April 16, 1996, a Denver Post article by Lauran Neergaard reported that the Denver Broncos players had ordered HMB.  They compiled the best 1996 regular season record (13-3), but lost in the play-offs.

In the July 1996 Health Supplement Retailer, Jon Benninger reported that Eric Thomas, the Southern Oregon State College junior and U. S. collegiate record-holder in the deadlift remarked, AHMB helped me set national and collegiate records in powerlifting.@
As discussed in the previous section, HMB has been tested with a major college football team.  

Animal Athletes
tc \l2 "Animal Athletes
Let us return to animal studies for a moment C not in the capacity of building the lean meat production or building their immune systems C but in their athletic performance capacity.  HMB also benefits the performance of animals.

Some animal owners are already benefitting from what the athletes have found out about HMB.  A study was recently completed at Iowa Sate University by Drs. Nissen and Fuller and their colleagues, where HMB was fed to training horses.  In this study, horses were fed one gram of HMB for each one hundred pounds of body weight.  This meant that each approximately thousand-pound horse was consuming ten grams of HMB daily, given as two equal doses with the morning and evening feedings.  Their training apparatus consisted of a huge, high-speed  treadmill.  If you=re visualizing the large commercial treadmills found in gyms, up your scale quite a bit.  A whole track team could run on this treadmill at one time, provided that they could keep up the pace.

After 12 weeks of training on this special high-speed treadmill, the horses consuming HMB could run five percent further than placebo-supplemented horses used as controls.  This may not sound like much, but the difference can translate into either winning the race or coming in dead last!  

The study was conducted so that each horse can run on the treadmill for a certain time and at a certain heart rate.  The horses that were in better condition could run faster while still maintaining the same heart rate as their control counterparts not on HMB.  In addition to the distance test, clinical hematology was measured on all the horses, and HMB increased blood hemoglobin by ten percent, hematocrit by ten percent and red blood cells by nine percent.  As the hemoglobin in the red blood cells is what carries oxygen to the tissues, one can easily draw the correlation to the further distance at the same heart rate.  This correlates with what was observed in the study with the cyclists who had a higher VO2 peak with HMB.

During the horse study, the trainers commented that Asome of the horses seemed to lose their <hay bellies= much quicker than other horses and gained condition much faster.@  Based upon what we have explained so far, it=s not hard to imagine that these were the horses on HMB and that they lost that out-of-condition fat Ahay belly@ and gained lean muscle faster than their control counterparts.

Again, in this study, the researchers saw a difference in cholesterol utilization.  Cholesterol was actually decreased in control horses at six and twelve weeks, whereas cholesterol remained stable in the HMB-fed horses.  This is consistent with the theory that intense exercise increases the need for cholesterol for cell membrane synthesis and that HMB can help fill this increased need. 

HMB supplements for animals are now commercially available, and we have anecdotal reports that they are being used with great success in race horses, greyhounds, show sheep and show cattle.

Aerobicstc \l2 "Aerobics
Theoretically, HMB should spare energy in the muscle because it decreases protein turnover which is an energy consuming process.  Based on this theory and anecdotal reports of increased performance, there are studies currently underway at this writing to prove HMB increases aerobic performance.

One study has been prepared for the EB97 scientific symposium and the abstract will be published in the Journal of the Federation of American Societies for Experimental Biology. 

Drs. Matthew D. Vukovich and Geri D. Adams of the Human Performance Laboratory at Wichita State University measured the effect of HMB on maximal oxygen consumption (VO2 peak) and maximal lactate concentration in endurance trained cyclists.  VO2 peak is a measure of the maximal capacity to transport and utilize oxygen during exercise.  It is considered to be a very reliable indicator of cardiovascular fitness.  A higher VO2 peak permits an athlete to perform endurance activities at a higher workload or faster pace.  

 Lactate threshold is a measure of the intensity of work that can be performed before lactate levels in the blood dramatically increase.  Lactate threshold, expressed as a percentage of VO2 peak, indicates the intensity at which an individual can perform.  A high lactate threshold allows an individual to perform at a higher percentage of their VO2 peak before lactate accumulates and fatigue occurs.

In their study, eight cyclists randomly completed three supplementation periods of two weeks each.  The three supplementation periods consisted of one of the following; 3 grams of HMB daily; 3 grams of leucine daily; 3 grams of an inert placebo (cornstarch).  Between each exercise period, the cyclists received no supplementation for a two-week interval to allow any residual supplement to be used up or washed out of the body.  Each cyclist completed VO2 peak tests prior to and following each supplementation period.  A blood sample was drawn immediately following exercising to determine the lactate concentration.

After two weeks of HMB supplementation, there was a significant improvement in VO2 peak (4.75 vs. 4.57).  Neither leucine nor the placebo improved VO2 peak.  The percent increase was improved by HMB as was the time required to reach the VO2 peak.  Lactate was not significantly affected by supplementation, but tended to be higher following HMB supplementation.

The researchers concluded that AHMB supplementation may have positive effects on performance by increasing VO2 peak.@  We asked the Wichita State University researchers to elaborate.  They elaborated that the HMB supplementation resulted in a significantly greater peak oxygen consumption (VO2 peak) and lactate threshold occurred at a higher percentage of VO2 peak.  Leucine and cornstarch had no affect on VO2 peak, but leucine did result in a higher lactate threshold.  The percent increase in VO2 peak and lactate threshold was significantly greater during the HMB-supplementation period compared with the leucine- and cornstarch-supplementation periods.

The Wichita State University researchers hypothesize that the increase in VO2 peak and the increase in time it took to reach VO2 peak while the subjects were consuming HMB may reflect an increase in the muscles= buffer capacity.  The researchers further explained.  Muscle buffer capacity helps determine performance capacity during high intensity exercise.  The apparent improvement in muscle buffer with HMB is probably due to an increase in the amount of protein in the muscle.  

Exercise is requiredtc \l2 "Exercise is required
  It is obvious from the studies that HMB benefits either the training or beginning training athlete.  Will it benefit sedentary middle-aged individuals?  To date, the data would indicate that exercise is a necessary component to have maximal results while taking HMB.  

It is doubtful that any study will show a great benefit for the sedentary.  So couch potatoes will still have to do some exercise to get the body-building benefits of HMB.  Please keep in mind the three requirements to build muscles discussed in an earlier section.  These requirements include a stimulus to cause near maximal contraction, proper dietary nutrients and proper precursor compounds synthesized within the body and muscle cells.

HMB Helps AMelt@ Body-fattc \l1 "HMB Helps AMelt@ Body-fat
The studies consistently showed that along with the accelerated growth of lean tissue, HMB led to a simultaneous reduction of body fat.  Dr. Nissen and his colleagues have found that in all the human studies, muscle growth is accompanied by a reduction in body fat.  At this point, they don=t know whether there is a specific effect of HMB on body fat or whether it=s an indirect effect due to an increase in caloric utilization as a result of increased muscle mass burning up more calories.

HMB Lowers Cholesteroltc \l1 "HMB Lowers Cholesterol
One health benefit that we haven=t talked about yet is the fact that in every human study, HMB has lowered total and LDL cholesterol (the Abad@ cholesterol), with a tendency for an increase in the Agood@ HDL cholesterol.  These findings have either been or will soon be published as this book goes to press.  While exercise can lower cholesterol, HMB seems to lower cholesterol both with and without the exercise component; however, the effect is greater and seems to be additive with exercise.  SO maybe couch potatoes will find some benefit to taking supplemental HMB after all.  Let us explain a little further why this cholesterol effect is so important to your overall health.

LDL-cholesterol is the cholesterol carried in low-density lipoproteins (LDL).  This is the cholesterol that the liver puts into LDL for transport throughout the body.  It is important to keep LDL-cholesterol in the low range.  LDL-cholesterol is often referred to as the Abad@ cholesterol, while HDL-cholesterol is often called the Agood@ cholesterol.   LDL-cholesterol becomes a problem when it is oxidized by free radicals to oxidized-LDL (Ox-LDL).  Ox-LDL can be taken up into the cells of artery walls to begin the plaque forming process that becomes coronary artery disease and heart disease. This is an active transport involving the scavenger receptors rather than LDL receptors of artery cells.   Antioxidants, such as vitamin E, help protect LDL from becoming oxidized to Ox-LDL.  The best strategy against heart disease includes being well-nourished with vitamin E and to have low levels of LDL-cholesterol. 

. 

HMB Enhances the Immune Systemtc \l1 "HMB Enhances the Immune System
Stress produces serious effects on the body.  It can be a killer!  A report by the Associated Press generated from a November 1996 meeting of the International Society for Neuroimmunomodulation in Washington, D.C. warned that stress cripples the immune system, shuts down processes which repair tissue, causes loss of muscle tissue, and even breaks down bone.  The report went on, Astress and depression that send emergency hormones flowing into the bloodstream may help cause brittle bones, infections and even cancer.@  

The natural Afight or flight@ reflex that gives us the speed and endurance can be a benefit in escaping immediate dangers, but is harmful when triggered by the stresses of modern life which we can=t fight or flee.  In many people, these stress hormones of the corticosteroid family, such as cortisol, produced in the adrenal gland are flowing much of the day, along with adrenaline (epinephrine).  In the rare instance that you might become in danger, these hormones may help you.  However, Dr. Philip Gold of the National Institute of Mental Health warns that if these hormones are released too frequently they can result in serious disease processes occurring in an otherwise healthy body.

The stress hormones can have a devastating effect on the thymus gland which produces and stores the T cells of the immune system.  The corticosteroids can damage nearly every organ in the body.  HMB can help protect against the loss of immune cells.  HMB is needed for optimal production of many of the cells of the immune system.   

This was first learned from studies involving the shipping of farm animals.  During handling and nutritional deprivation involved with shipping, immune function actually goes down because of increases in the hormone cortisol.  HMB basically gives back to the animal the ability to maintain a more normal immune system and fight infections in a more appropriate manner.

In farm animals, the stresses of handling and shipping often result in lean weight (meat) loss and increased susceptibility to disease.  Needless to say, this adversely affects the economics of farming.  It has always been a wonder to us how the economics of farming can get research attention in nutrition, but the economics of human health care and nutrition went unnoticed for so many decades.  Perhaps the economics of vested interests were a factor.

Dr. Nissen=s research group conducted several experiments impacting on this issue.  Perhaps you have witnessed the stresses induced on chicks being shipped out to growing houses, or on the chickens being transported to the processing plants.  In baby chicks, which are subjected to  severe stress in attempting to adapt to their new environment in a crowded chicken house without the comfort of their mother hens, the death rate can be high.  In the Iowa State University experiments led by Dr. Nissen, HMB cut the mortality during the first ten days by up to 90 percent.

In another experiment led by Dr. Nissen involving calves being shipped, HMB cut the death rate in half and decreased the incidence of pneumonia by 40 percent.  When you see calves being shipped down the road, consider that many of them may get pneumonia and some will die of it.

In still another experiment led by Dr. Nissen, this time with lactating pigs, HMB increased the content of desirable lipids in the milk resulting in about seven percent bigger piglets at weaning and fewer piglets dying. 

In an activated immune system such as occurs with an infection, the cells differentiate and divide.  To do this, they must obtain a source of cholesterol because cholesterol is an essential component of the cell, especially the cell membrane.  HMB provides a precursor source for cholesterol synthesis allowing the cells to maximally perform in an activated situation.

Cancer, AIDS, Dystrophies, and other muscle-wasting diseasestc \l1 "Cancer, AIDS, Dystrophies, and other muscle-wasting diseases
There are other ways in which HMB may be of benefit.  Logically and biochemically speaking, HMB should be of benefit in the wasting diseases such as cancer, AIDS, amyotrophic lateral sclerosis (ALS), muscular dystrophy and other dystrophies.  Dr. Nissen=s research group has studies underway in AIDS patients.  These studies are looking at both immune function and wasting in subjects with AIDS.  Studies are in the planning stages to look at other wasting diseases such as muscular dystrophy.

How to take HMB supplementstc \l1 "How to take HMB supplements
Since HMB is found naturally in both plants and animals, and it is produced in the human body, you may wonder what, if any, advantages can be obtained by taking HMB supplements? 

As we have tried to point out, the answer is plenty, because the body cannot make enough HMB in certain circumstances to build muscle and immune components.  Cholesterol is much maligned, but it is a very important compound in the right places.  That=s why the body makes so much in the liver.  The body needs cholesterol to make steroid hormones such as the sex hormones, and it also needs cholesterol to build new cells, especially muscle cells and the white blood cells of the immune system.  Remember that HMB is required for cholesterol production in these cells.  Although there usually is more than enough cholesterol in the blood, there are not enough cholesterol receptors in these cells to meet their needs for maximum growth.  This may sound strange, but these tissues must make cholesterol within the cell for use in cell functions such as building more muscle or immune cells and, in mammary glands, for the production of fat for milk.

Blood and dietary cholesterol are of little value in supplying cholesterol to these tissues, and in situations of high demand, such as immune cell activation, muscle growth, or milk production there may be inadequate sources of cholesterol precursors in these tissues to support maximal function.  Thus, supplementing our diets with HMB provides a source for the critical cholesterol synthesis that is essential for maximal organ function in these tissues.  

The only time that HMB leads to cholesterol production is when there is a need within these particular cells.  This cholesterol never leaves the cell interior and never reaches the blood stream.  As we discussed in the section on lowering blood levels of cholesterol, HMB actually leads to decreased blood levels of cholesterol, and the additional muscle cells increase the metabolic rate (basal metabolism) because they contain more mitochondria, the energy factories within each muscle cell.  Thus, with increased consumption of HMB plus exercise, the blood levels of cholesterol are actually decreased.

It appears that you need to take at least one-to-two grams of HMB daily to get decent results and that three grams of HMB is optimal for the athlete undergoing an intensive exercise program.  As we mentioned before, HMB is needed even on the days that you do not exercise, as the muscle proteins are still being formed from exercise the day before.  For best results, take three grams of HMB daily, day in and day out -- not just when it is convenient.  There does not seem to be any reason for cycling (going on and off) HMB.  Studies have been done at higher levels but there doesn=t appear to be any added advantage.  Dr Nissen recommends that HMB be taken with meals primarily so that it is available concurrent with meal absorption.

From our many years of experience with athletes including body builders, professional boxers, football and baseball teams, we know that they are always in a hurry to make maximum gains and to have the competitive edge on their rivals.  They often feel that they will get faster and better results if they go above the recommended levels.  So we have looked hard at the experimental data, talked with body-builders and other athletes using HMB, and really pressed Dr. Nissen hard on this point.  Dr. Nissen replied, AWe really feel that based on our animal research and all of our human studies that higher doses of HMB will really not result in any faster or bigger gains.  Once the HMB requirement is met by the cell, additional HMB is of no value.@
You may be wondering how do the results obtained with HMB compare to those alleged with harmful steroids?  We really don=t know how HMB compares with steroids in terms of its effects.  It is our understanding that steroids affect primarily the protein synthetic arm of protein metabolism whereas HMB appears to slow the protein breakdown arm of protein metabolism and serves as a cholesterol precursor within muscle cells which is important for maximal cell growth and function..  The big differences are in safety and legality.  Even if Aroids@ produce faster gains, they are damaging your body and may kill you.  On the other hand HMB will help you build the same massive muscles, even if it takes a little longer, but HMB will improve your health by strengthening your immune system, lowering cholesterol and helping you handle stress at the same time.  Quite a contrast!  Instead of causing cancer as roids do, HMB may even protect against cancer.

An interesting observation from body-builder Vince Galanti is that those body-builders reporting the greatest benefits from HMB are those who work out the most often.  If you=re thinking, Aso what,@ remember there are those who train too often and tear down their muscles too much.  While the more you train, the more you gain is true to a point, over-training leads to more catabolism and less anabolism.  Working out more can lead to less gain as was seen in the 1996 Iron Man triathalon in Hawaii.  Champion body-builders Mike Mentzer and Larry Scott emphasize not overdoing it.  Vince Galanti also reports that HMB users who also have high protein diets get the best results.

HMB Safetytc \l1 "HMB Safety
Relative to the safety of HMB, it is a normal product of body metabolism, it is naturally present in mother=s milk, and is found in the food we eat.  HMB also appears to be an essential part of the tissue growth process.  In addition, it=s a water-soluble compound like water-soluble vitamins which are excreted in the urine in the proportion to the dietary intake.  Thus, based on the chemistry of HMB, it would be predicted that HMB is a relatively safe compound.  

I asked Dr. Nissen to comment on HMB safety.  He replied, Ain every human study that we=ve conducted there=s been an extensive safety profile conducted in terms of adverse effects and organ function.  In addition, we=ve given psychological profiles and physical exams in each study.  In none of these studies has there been any indication of a safety issue related to HMB.  The only changes in blood chemistry relate to a decrease in total and low-density lipoprotein (LDL) cholesterol levels.  Lastly, there have been animal studies and human studies in which high levels of HMB have been taken and there doesn=t appear to be any untoward effects.  We have not seen toxicity at any level.@
In addition to the many animal studies to test HMB function, one study was done just to evaluate toxicity.  In this study, pigs weighing  about 45 pounds (20 kilograms) were fed 100 grams of HMB per day for four days.  HMB did not adversely change any blood parameter or tissue histology.  

Before conducting exercise studies, the safety of HMB in humans had to be double-checked.  The first human study was an eight-day study at Vanderbilt University.  This study found that HMB dosages from one-half to four grams of HMB daily did not alter indicators of organ function.  This study was conducted in two phases.  In the first phase, 16 healthy, non-obese volunteers (13 males and 3 females) between 21 and 45 years of age were randomly assigned to one of four experimental groups and given HMB for eight days.  Group one took a half gram of HMB daily, group two took a gram, group three took two grams and group four took four grams daily.

This study showed that HMB is at least safe at these dosages for a period of one week.  No adverse effects were observed in any of the volunteers.  The liver enzymes SGOT, LDL, alkaline phosphatase, and SGPT did not change with any of the HMB dosages used.  There was no adverse effect on kidney function.  Blood cholesterol decreased in a dose-dependent manner, the more HMB taken, the greater the drop in cholesterol.  Blood SGPT. alkaline phosphatase, SGOT and LDH remained constant over the eight-day study in all groups.

The study reported earlier as Human Study Number Two also provides safety data.  It showed no change in liver enzymes and no change in blood chemistry.  There was also no effect of HMB on CD3 or CD4.  LDL cholesterol decreased by an average of seven percent and total blood cholesterol decreased by three percent.  Blood levels of glucagon, cortisol and insulin were unaffected.

In Human Study Number Six, forty women were randomly assigned to either a control group or a group receiving 3 grams per day of HMB in orange juice.  They were each given a complete physical examination before and after the four-week study.  During the study, each volunteer underwent a weekly blood analysis, body-composition analysis, and filled out a questionnaire related to health and mood.  No exercise was involved in this study.  .Just as with similar studies with men, there were no adverse effects noted, including blood parameters, organ function or psychological profiles.

Summarytc \l1 "Summary
As detailed throughout this book, HMB is probably one of the most thoroughly researched (in both humans and animals) dietary supplement on the market.  In little over a year, HMB has become one of the most popular dietary supplement in sports nutrition.   This is primarily due to its ability to augment the beneficial effects of exercise and offer the serious athlete more muscle mass, more fat loss, and increased strength and endurance.  Although much emphasis has been placed upon the benefits that athletes gain from supplemental HMB, it is obvious from the already completed studies that HMB has other benefits to offer as well.  These include lowering blood cholesterol levels and maximizing immune function.

As new studies are conducted and reported by Dr. Nissen and other researchers, HMB is likely to continue to receive much attention and increase in popularity among non-athletes as well.  We will look forward to these new studies which will almost certainly further define the benefits we can all enjoy from HMB.  In our opinion, HMB may possibly be the last major nutrient discovered and defined in this millennium.
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