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An Athletic Trainer’s Guide to Sports Nutrition fi lls the void of a subject area 
that is under-represented in current athletic trainer curriculums despite its 
importance in the fi eld.

Damon Amato has created a text that can be easily read and understood by health 
care professionals  yet is in-depth enough to create a solid understanding of how 
the body works, making it easy to then pass on the information to athletes to 
help them eat ideally based on their specifi c sport, goal, and situation.

Giving a physiology background is necessary to lay the foundation for understanding 
why certain recommendations in the text are given; however, only the necessary 
details are included to focus on what is pertinent for athletic trainers to understand 
while advising athletes.

Some topics covered inside:
• Basics of human nutrition
• Disordered eating and eating disorders in athletes
• Supplements
• Eating optimally for injury recovery
• Nutrient timing
• Special situations

An Athletic Trainer’s Guide to Sports Nutrition gives athletic training clinicians 
and students the information and tools necessary to aid athletes in maintaining 
peak performance in nutrition, and fi lls the void left in the current athletic 
training curriculum.
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PREFACE
I see this textbook being a valuable resource for athletic trainers. The current 

athletic trainer curriculum does not devote nearly enough time to the importance 

of nutrition, especially since athletes ask athletic trainers about it all the time. It is a 

subject that I feel is much underappreciated but is of paramount importance. It was 

written in a tone that can be easily read and understood by medical professionals, 

yet in-depth enough to create a solid understanding of how the body really works, 

and easy enough to then pass on the information to athletes in order to help them eat 

optimally based on their specific sport, goal, and situation. 

Giving a physiology background is necessary to lay the foundation for under-

standing why certain recommendations in the book are given; however, I only pres-

ent what is necessary to understand concepts of performance nutrition and do not go 

into more details about human physiology that are not pertinent for athletic trainers 

to understand while advising athletes. 

I have included in the table of contents what I think are the most important sub-

jects for an athletic trainer to be educated in, and how I teach my students. Most ath-

letes just want to know basics of how to eat, when to eat, and what to eat. For the vast 

majority of them, that information is sufficient. The nuances of nutrient timing and 

energy balance are the subjects that require the most attention, and athletic trainers 

will need the most education on those subjects specifically because that is where most 

of the bad information is sourced from in the current research.
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Introduction

WHO IS THIS BOOK FOR?
This book should be used for athletic trainers in courses that are evidence based, 

are scientific, and concern clinical application of nutrition in order to improve health 

or performance. Physical therapists, physicians, strength and conditioning coaches, 

and personal trainers will also find this text useful.

In today’s climate of health care practitioners, we are all expected to be experts in 

all aspects of our respective fields by the general population. Over the past decade, 

physical therapists have evolved to higher degrees, dry needling, and spine manipu-

lation. Athletic trainers now have employment opportunities in the military, with 

law enforcement, at the corporate level, and as physician extenders. With all of these 

new certifications and responsibility comes a need for further education in order 

to provide proper care not only to athletes or injured individuals, but also to those 

seeking to just look and feel better. Nutrition education is paramount for reaching 

those goals. 

Athletic training is widely regarded as a clinical health care profession, and the 

education of athletic trainers should be treated as such. In the various settings that 

athletic trainers may be employed in, it is extremely likely that at some point, an ath-

lete, client, customer, soldier, or officer wants to know what to eat, when to eat, how 

much to eat, and other more complicated questions. Athletic trainers should be held 

accountable for knowing the answer to these questions to a certain degree, and they 

will have a greater knowledge base after reading this text. We are all athletes in some 

aspect, so for the purposes of simplicity, we will use only the terms practitioner and 

athlete when discussing individuals.



2  Chapter 1

Health care professionals should use this textbook as a guide for laying the foun-

dation for their own education and as a way to extrapolate information necessary to 

help the athletes under their care. There is no one perfect diet, and practitioners will 

learn from this text how to treat each athlete as an individual with individual needs 

that may vary from person to person. 

Diet Influences
Food preferences reveal a lot about who we are as a person. It can change based 

on interactions with family, friends, or teammates, and really shapes habits later in 

life. Convenience and cost also play a large role in the food choices that we make, so 

it is easy to see that there are a variety of factors that can influence the current eating 

habits of an athlete. In many cases, learning to adopt new and healthier habits can be 

the most difficult task a practitioner can have when treating an athlete. 

Businesses spend about $9.7 billion annually to market and advertise food prod-

ucts, oftentimes aggressively and dishonestly. As you will see in a later chapter, cereal 

was only adopted as a breakfast food because of the marketing and political sway of 

the company that created corn flakes, not because of any scientific research to show 

that eating cereal in the morning is of any nutritional benefit. 

Social factors have become increasingly important to the younger generation as 

well. Posting meals on social media as well as pressure to join in at family events, 

office parties, or team dinners can put a lot of peer pressure on someone, even with 

a lot of willpower. It is these influences that, for better or worse, can mold a person’s 

eating habits whether they consciously choose to or not. With so much knowledge 

and contrasting opinions at everyone’s fingertips, it becomes increasing difficult to 

have your own plan that you want to stick to without having someone quickly look up 

your food choices on the internet and come up with multiple reasons why you should 

not make the choices that you have. Thankfully, this text will provide the tools and 

knowledge base to make informed decisions about everyday food choices. Learning 

about nutrition makes us all more informed and leads to more educated discussions 

on varying or subjective opinions.





It is essential to have at least a basic understanding of biology, anatomy, 
physiology, and chemistry in order to understand nutrition adequately. 
This chapter will introduce fundamental yet important anatomy, pro-
cesses, concepts, and terms related to human nutrition that will provide 
a basis to understand more difficult concepts explained later in this 
text. Certain cell structures such as mitochondria and muscle cells are as 
important as the different classifications of nutrients (protein, fat, car-
bohydrate, vitamins, minerals, water), and processes like the Krebs cycle, 
electron transport chain, and glucose fatty acid cycle are crucial in under-
standing how to train athletes to better utilize different energy systems. 

In addition to understanding the composition of nutrients and the 
processes they govern, it will be important to understand how certain 
processes correlate with each other. Certain hormones like ghrelin and 
cortisol have diurnal rhythms that present an environment that make the 
composition of meals more important, while eating meals with specific 
macronutrient compositions can create an internal milieu that could be 
very beneficial or very negative, depending on its context. These concepts 
will provide the practitioner with the tools necessary to advise athletes.
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KEY TAKEAWAYS
 ✴ Structure and function of mitochondria in relation to muscle and liver cells will 

elucidate how glucose metabolism works.

 ✴ The glucose fatty acid cycle is a process that describes the competition between 

carbohydrate and fatty acids to be used as energy substrates.

 ✴ Specific hunger hormones can regulate how nutrients are converted.

 ✴ Glucose is absolutely necessary for only 2 tasks: excessive glycogen storage and 

excessive fat storage.

CELL STRUCTURE
This is a cell (Figure 2-1), and for our purposes, it can be either a liver cell or a 

muscle cell because those cells are where we store glycogen, the storage form of glu-

cose. Within this cell are several cell structures called organelles. The cell contains 

a plasma membrane, cytoplasm, mitochondria, ribosomes, lysosomes, endoplasmic 

reticulum, Golgi apparatus, and the nuclear envelope. The cell can be divided into 

the nucleus and the cytoplasm. The plasma membrane is composed of proteins, phos-

pholipids, cholesterol, other lipids, and carbs. 

More detail of the entire cell structure is beyond the scope of this text, and we 

are mostly interested in the interplay of the mitochondria as it relates to metabolic 

pathways for energy.
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Mitochondria
The mitochondria are the “power house” of the cell membrane and are found in 

almost every cell in the human body. Mitochondria vary in size, shape, and density 

depending on where they are in the body, and they generate adenosine triphosphate 

(ATP), the energy currency in the body. They are mostly found in areas of organelles 

with high-energy demands such as the nucleus or near contractile myofibril in mus-

cle cells. Mitochondria contain 2 lipid/protein bilayers called the outer membrane 

and inner membrane, as seen in Figure 2-2.

It also provides a barrier for the mitochondrial matrix, which is concentrated with 

enzymes involved in energy nutrient oxidation and DNA.

METABOLIC PROCESSES

Krebs Cycle
The Krebs cycle (also called TCA cycle or citric acid cycle, depending on the 

textbook) is a series of 7 chemical reactions where oxaloacetate is regenerated. The 

results of these reactions are the reduced cofactors that will then transfer to the elec-

tron transport chain. These include nicotinamide adenine dinucleotide (NADH) and 

flavin adenine dinucleotide (FADH2), which are the reduced forms of NAD+ and 

Figure 2-1. Cell structure. (Reprinted from https://commons.wikimedia.org/wiki/File%3AAnimal_

cell_structure_en.svg. By LadyofHats (Mariana Ruiz) [Public domain], via Wikimedia Commons from 

Wikimedia Commons.)
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FAD, among other reactions. One important point to note is that ATP is generated 

anaerobically in one reaction of glycolysis; this is the sole source of ATP for erythro-

cytes or red blood cells, which do not have mitochondria. This is not the case for most 

cells as their ATP is generated through oxidative phosphorylation by the electron 

transport chain (Figure 2-3). 

Electron Transport Chain
The electron transport chain occurs in the mitochondrial inner membrane. 

Oxygen is needed for the electron transport chain. NADH and FADH2 transfer elec-

trons to the electron transport chain. NADH is free-floating throughout the mito-

chondrial matrix and cytosol and may need to diffuse to the electron transport chain 

depending on its location. FADH2 is bound to enzymes in the inner membrane, 

which is thought to be immediately available to the electron transport chain. With 

the electron transport chain, 3 ATP molecules for each NADH and 2 ATP molecules 

for each FADH2 are created (Figure 2-4). 

Glucose Fatty Acid Cycle
The glucose fatty acid cycle (or Randle cycle) is a process that describes the com-

petition between carbs and fatty acids to be used as energy substrates.1 Randle and 

Morgan2 conducted research in the 1960s investigating the inhibitory effect of fat 

Figure 2-2. Mitochondria structure. (Reprinted from https://commons.wikimedia.org/wiki/

File%3AMitochondrion_structure.svg. By Kelvinsong; modified by Sowlos (Own work based on: 

Mitochondrion mini.svg) [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)], via 

Wikimedia Commons from Wikimedia Commons.)
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metabolism on carb metabolism. They used heart and diaphragm muscle from rats 

in test tubes, where they took live samples of tissue, snap froze them, and then added 

fat to it to see what would happen. The tissue incubated did not burn carbs. They 

postulated that fat inhibits it because of pathways identified for carb metabolism. 

This theory stood without being challenged for 30 years as a switch for carb/fat 

metabolism that happens in all tissues in the human body. However, that is not cor-

rect. Rat tissue is certainly a confounding factor when extrapolating this information 

for humans, but that is not the problem with the methodology. The larger problem 

is that the tissue being tested was heart and diaphragm muscle, not skeletal muscle. 

Heart and diaphragm muscle do not have glycogen, the storage form of glucose and 

essentially the most important aspect of the research. Muscle glycogen plays a major 

role in what gets burned as energy. 

Figure 2-3. Simplified Krebs cycle. (Reprinted from https://commons.wikimedia.org/wiki/

File%3A2507_The_Krebs_Cycle.jpg. By OpenStax College [CC BY 3.0 (http://creativecommons.org/

licenses/by/3.0)], via Wikimedia Commons from Wikimedia Commons.)
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The 1990s research was in Scandinavia, where the investigators took grad stu-

dents, cannulated their femoral arteries, infused emulsified lipid solutions, got them 

to exercise, and, during exercise, took skeletal muscle biopsies.3 Not only is this inter-

esting as it was a more “real world” strategy, but clearly it would be difficult to find 

volunteers for such a study. From this research, they could conclude through plasma 

glucose uptake and fatty acid oxidation, “we discovered that a large proportion of the 

fatty acids are synthesized from other sources.”4

Another study from Odland et al1 said it is the entry of fat into the mitochondria, 

not so much glycolysis, that is important because that produces large amounts of 

malonyl-CoA, which is formed from acetyl-CoA during fatty acid synthesis.5 In rats, 

there was great evidence in the Randle study. In humans, it does not hold true. Rats 

produce thousands of times as much malonyl-CoA than humans do. The metabolism 

of fatty acids and carbs results in products that can specifically inhibit the catabolism 

of the other.

Glucose Transporters
Insulin is thought of as the key that opens the lock to get sugar and fat cells into 

muscle, but it does not do the actual work. That is performed by glucose trans-

porters (GLUTs). We currently know of 14 of these: GLUT1 through GLUT14. 

GLUT5 actually transports fructose into the liver, while others hamper the transport 

Figure 2-4. Electron transport chain pathway. (Reprinted from https://commons.wikimedia.org/wiki/

File%3A2508_The_Electron_Transport_Chain.jpg. By OpenStax College [CC BY 3.0 (http://creative-

commons.org/licenses/by/3.0)], via Wikimedia Commons from Wikimedia Commons.)
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of glucose. GLUTs 1 through 4 actually do transport glucose to muscle cells and, of 

these, GLUT4 and GLUT12 are perhaps the most important.

When not active, GLUT4 proteins sit within the inner membrane of the cell, doing 

nothing. Once insulin comes in contact with a cell containing them, the GLUTs 

translocate to the surface of the cell where they adhere to glucose molecules and 

move them into the interior of the cell.6 The cell then uses the glucose as energy or 

stores it within the cell (Figure 2-5).

Insulin sensitivity is heavily referenced when describing whether someone is 

prediabetic. It relates how reactive a cell is to the insulin-triggered translocation of 

GLUT4 and GLUT12 proteins from the interior of the cell to the exterior. If cells do 

not react to insulin or more than normal insulin is secreted for GLUTs to move to the 

cell surface, the person is deemed “insulin insensitive.” This excess secretion of insu-

lin takes a toll on the pancreas where it comes from, and that can eventually cause 

type II diabetes. Insulin resistance happens when they do not move at all.

Two tissues contain high amounts of GLUT4: striated muscle cells and fat cells. 

When someone has high insulin sensitivity, both fat and muscle cells are able to store 

as glucose or triaglycerol, the storage form of fat. When you become insulin-resistant, 

neither cell is able to do that. It is your body’s last-ditch effort to keep itself robust 

before becoming unhealthy. It is these facts that beg the question, is obesity the cause 

of disease or a symptom of it?

Figure 2-5. GLUT pathway. (Reprinted from https://commons.wikimedia.org/wiki/File%3AInsulin_glu-

cose_metabolism_ZP.svg. By XcepticZP at en.wikipedia [Public domain], via Wikimedia Commons 

from Wikimedia Commons.)
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NUTRIENT CONVERSION
Proteins, fats, and carbs may all go to the same place, but they do not end up per-

forming the same actions on the body. In fact, each one has the potential to be con-

verted into something else that the human body can utilize for a different function.

Liver and fat cells will turn glucose directly into fatty acids through a process 

called de novo lipogenesis.7-18 That process becomes very energy expensive, so the 

actual amount of glucose that gets converted into fatty acids is only about 5%.14,19,20

In contrast, fructose, another monosaccharide, can contribute significantly 

to de novo lipogenesis when ingested in large amounts. The body regulates massive 

feedings with glucose through a rate-limited step that prevents pure glucose from 

sparking lipogenesis.,21 but fructose can create unlimited byproducts that lead to 

the accumulation of fat.4,12,22

Where carbs contribute most significantly and efficiently to fat storage is through 

conversion into glycerol complexes.14,23-25 A triaglycerol molecule, the body’s most 

abundant form of stored fat, has a glycerol backbone connected to 3 fatty acids. That 

is why glucose and fructose can easily be converted into glycerol for the storage of 

more fat.

Recent research has shown that the chemical myostatin also plays a large role in 

whether humans tend to store or burn body fat. Myostatin is a growth factor that 

regulates the size of muscles beginning in early embryonic development and contin-

ues throughout life. Myostatin acts by inhibiting the growth of muscles; it prevents 

them from growing too large. When myostatin is found in higher than normal con-

centrations, muscle mass is decreased.26-34 There is also evidence that it has been 

associated with sarcopenia.35

The muscle-building and fat-burning effects of human growth hormone (GH) 

are thought to be caused by GH’s interference with myostatin function,36 and corti-

sol levels may be associated with higher concentrations of myostatin, which could be 

destructive to muscle.37 Elevated myostatin levels have also been found in astronauts 

who suffer from muscle disuse atrophy.31,38 The most compelling subject regard-

ing myostatin is the difference in fat and muscle tissue mass between males and 

females.39

When athletes eat a diet regimen that is in a caloric deficit, increases in concen-

tration of myostatin in muscles are seen and can lead to muscle wasting.40 It is for 

this reason that the most common response from practitioners would be to eat more 

protein to spare muscle wasting; however, this is only one mechanism of correction 

that does not fully address the problem. What is more important is identifying the 

proper hormonal milieu that would be most likely to spare muscle tissue during a 

caloric deficit. This means knowing the athlete’s medical history (type I diabetes, 

gluten allergy, etc) and tailoring a regiment based on what fits his or her lifestyle.
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Hormone Connection
There are 2 important hormones that regulate insulin: hormone-sensitive lipase 

(HSL) and lipoprotein lipase (LPL). Insulin itself is a very important hormone that 

is not well understood with regard to energy utilization and blood sugar regulation, 

but that is not all insulin does. 

Insulin stimulates muscle to build new protein41 and it inhibits lipolysis, the 

breakdown of fat.42 This is very important in relation to the interaction of HSL and 

LPL. HSL is responsible for breaking triglycerides down into free fatty acids that can 

mobilize out of fat cells and get used for energy, but insulin downregulates HSL in 

fat cells at the same time it downregulates LPL in muscle cells. This means that large 

releases on insulin inhibit utilization of free fatty acids as energy, and the body must 

rely on glucose in the blood for the most part. 

LPL does the opposite of HSL by pulling fatty acids into fat cells to increase their 

size, as well as assisting to increase intramuscular triaglycerol levels, though the spe-

cific mechanism is still up for debate.43

We can also use stores of muscle and liver glycogen as energy as well, but insu-

lin also inhibits access to muscle glycogen stores. That is why you sometimes see 

marathon runners “hit the wall” during a race. Hitting the wall is a term used when 

a runner completely runs out of energy and must stop activity because he or she sim-

ply cannot continue. The theory used to be that this happens because the runner’s 

muscle and liver glycogen stores are empty and they lack any energy stores; however, 

this has been proven to be false.44 Runners still have plenty of muscle glycogen left, 

but they are still unable to continue. 

The reason is not due to lack of muscle glycogen, it is due to the lack of access to 

muscle glycogen. This happens because every one-half mile or so, the runners con-

tinue to ingest fast-acting carbs such as gels or sports drinks, which trigger a high 

release of insulin. Insulin inhibits lipolysis and glycogen utilization at the same time, 

preventing the runner from being able to effectively use much of anything for energy 

at such an intense rate. While these molecules ingested from exogenous sources enter 

the blood stream relatively quickly, they can only provide a minute amount of energy 

compared to the amount being expended during a race, and eventually the stomach 

will require more time than is needed to process enough carbs into the blood stream 

in order to be expended. Large influxes of amino acids from protein can also cause 

insulin release. Leucine, an important amino acid, can cause a large insulin release 

independent of other sources as well.45

With HSL being downregulated via lower-scale insulin release, it becomes diffi-

cult to get fat out of fat cells. That is why when cells are covered in insulin, both LPL 

(which pulls fatty acids into cells) and insulin—released in heavy doses when you 

eat most carbs—partitions more fat into storage than when you eat pure fat. Glucose 

is absolutely necessary for only 2 tasks: excessive glycogen storage and excessive fat 

storage.
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Hunger Hormones

Ghrelin
Hunger and appetite are regulated by the endocrine system. Exactly how that 

works has not been completely elucidated yet, however. We originally thought that a 

rapid rise in insulin, followed by an associated fall in blood sugar, stimulated appe-

tite, which would in turn stimulate overeating. This theory is well explained by the 

South Beach Diet, however incorrect it may be.46

This mechanism for overeating was studied multiple times and has since not 

panned out as scientific fact.47,48 Unfortunately, for a long time, there was no 

alternative explanation. This changed in 1999 with the discovery of the hormone 

ghrelin.49,50

Ghrelin was the first hormone discovered to directly stimulate hunger in 

humans.51 It is produced in the gut, making it difficult to associate originally because 

there are so many different pathways and organisms moving around at all times.52-63 

Since its discovery, we now know several properties about ghrelin, including its 

potential ability to regulate body weight. Since 1999, many studies have been done 

to elucidate all of the properties of ghrelin. Recently, a review of some of these stud-

ies was put together by one of this text’s contributors, John Kiefer, as well as similar 

properties of leptin in the next section. These are summarized as follows: 

 ✴ It stimulates GH release in humans49,56,64-73 and is possibly the most potent 

stimulator of GH release in the body.74 A few conflicting results exist.74,75

 ✴ Higher concentrations directly increase hunger.50,51,76-82

 ✴ Levels fall after meal ingestion.50,77,78,81,83-89

 ✴ Directly related to body mass65,90-104; the more fat mass, the lower the levels of 

ghrelin.

 ✴ Higher levels are found in women.83,92,105

 ✴ It has a possible role in male sex hormone production.106-108

These properties of ghrelin position it high on the list of body weight regula-

tors,51,109-111 especially since it signals overall fat stores and nutritional status of the 

body (i.e., the more fat you possess and the more you eat, the lower your levels of 

ghrelin).82,91,112-115

Ghrelin appears as a direct link between the gut and the brain,116-119 and there 

is even evidence that it causes a timing effect for meal ingestion during the day.120 

It may also trigger a deeper state of sleep in humans.120 Even the success of gastric 

bypass surgery to reduce weight seems to be related to ghrelin secretion—or a lack 

thereof.94,121,122

This is a hormone requiring particular consideration in any type of diet, whether 

you are a serious athlete or not,122 and it is definitely a hormone we are going to 

target for manipulation. 
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Leptin
Leptin is a critical hormone in terms of the complications of obesity and weight 

loss. In 1994, a mutation in a specific mouse gene led to massive obesity and type II 

diabetes.122 This mutated gene was appropriately called the Ob gene.

Normal mice without the defective gene produce a hormone that, when adminis-

tered to mice with the mutation, causes them to lose weight, decrease body fat, and 

suppresses appetite. The administration of this hormone even reverses the symptoms 

of type II diabetes.123-125 It was called leptin after the Greek leptós, which, quite 

appropriately in this case, means “thin.”

More importantly, humans also produce leptin,122 and those with the defective 

Ob gene are massively obese.126,127 This mutation is extremely rare in humans. In 

fact, it is nearly nonexistent,128 but leptin is still an important weight-control hor-

mone for “normal” people.

Leptin is produced mainly in the white fat cells of the body. The more fat cells you 

have and the larger they get, the more leptin is produced.129-145 As a result, leptin 

levels correlate with the amount of fat stored, although some researchers differ on 

this.146,147 Even in extremely skinny people, leptin levels are associated with the 

amount of body fat present.142

There’s also evidence of subcutaneous fat as the major leptin produc-

er.134,137-139,143,148-151 A higher-than-normal amount of fat gives you an incredible 

advantage when you start your weight loss program because of the high levels of 

leptin produced. A summary of the properties of leptin are as follows:

 ✴ Increases metabolism123-125,152-155

 ✴ Specifically increases fat burning156-165

 ✴ Prevents the formation and storage of fat156,161,164-169

 ✴ Women possess higher levels133,134,144,170-174 although there is some 

discrepancy175

 ✴ Regulates several hormones in the brain to decrease appetite and food 

intake155,176-199 and may independently cause decreased food intake182,200-203

 ✴ Reproductive effects: improves fertility,204-211 causes puberty to occur at a 

younger age in females with elevated levels,210,212-226 and low levels inhibit the 

onset of puberty216,219,223,227

 ✴ Appears to decrease desire for sweets228-231

 ✴ Increases the activity and production of immune system cells232,233

 ✴ Production decreases with age regardless of changes in fat mass145,223,227

  When leptin levels get low, you get hungry and your body stops mobilizing fat 

from fat stores to burn. When you are dieting, the situation gets even worse because 

most diets decrease levels of leptin,141,234 making it difficult to maintain weight 

loss. The low leptin levels caused by dieting also make it very easy to regain the 

weight.234-236 To neglect all consideration of leptin’s action when designing a diet 

is absurd since nearly all researchers seem to agree that leptin is essential for weight 

maintenance.203,211,224,237
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Cortisol
Cortisol is a hormone released by the adrenal glands during times of stress. It can 

be tested via blood, saliva, or urine, which is important as humans can develop a con-

dition called Cushing’s syndrome, which involves having too much of the hormone, 

or Addison’s disease, which is caused by having too little.  

For the average individual, upon waking or thereabouts, levels of the cortisol 

reach a high point for the day. Cortisol elevates naturally through the night225,226 

and peaks upon waking.225,238 Cortisol is catabolic, meaning it breaks down a more 

complex material in the body for a different use. In this context, cortisol is important 

because it is a normal process associated with resistance training. Releasing glucose 

from glycogen stores is also catabolic, as is releasing fat from fat cells.

A graph of the important diurnal rhythms of certain hormones is shown here. 

Based on these, we can see how the timing of certain macronutrients could affect 

these patterns (Figure 2-6).

CONCLUSION
An entire text could be filled with important hormones that regulate weight, 

weight loss, weight gain, mood, and other interesting developments in the human 

body; however, this chapter’s intent was to bring to light the most important of those 

hormones and processes so that practitioners may better understand what is neces-

sary and leave the more complicated issues to biochemists. Understanding how basic 

hormones interact on bodily functions—especially hunger—will allow practitioners 

to better convey recommendations to athletes.

Figure 2-6. Morning chart of diurnal rhythm of hormones. (Reprinted with permission from John 

Kiefer, http://athlete.io/.)



16  Chapter 2

DEFINITIONS
Oxaloacetate: An intermediate of the Krebs cycle and the stage immediately prior to 

the formation of pyruvate

Oxidative phosphorylation: The process in cell metabolism by which respiratory 

enzymes in the mitochondria synthesize ATP from andinorganic phosphate (ADP) 

during the oxidation of NADH by molecular oxygen

De novo lipogenesis: The biochemical process of synthesizing fatty acids from ace-

tyl‐CoA subunits that are produced from a number of different pathways within the 

cell, most commonly carbohydrate catabolism

Myostatin: A protein produced and released by muscle cells that acts on their auto-

crine function to inhibit muscle cell growth and differentiation

Human growth hormone: A peptide hormone that stimulates growth, cell reproduc-

tion, and cell regeneration in humans

Cortisol: A steroid-based hormone synthesized by cholesterol involved in the regula-

tion of metabolism in the cells that helps us regulate stress within the body

Hormone-sensitive lipase: An enzyme that catalyzes the release of fatty acids from 

adipose tissues

Lipoprotein lipase: An enzyme that plays a key role in breaking down triglycerides 

present in chylomicrons and very low-density lipoprotein particles, releasing their 

fatty acids for entry into tissue cells
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It is difficult to write salient points about how to eat if certain assump-
tions we have about diet are disagreed upon. Many publications still 
espouse viewpoints that have been long disproven; therefore, this chap-
ter will head off some important misconceptions so that we may think 
beyond half-truths and full out inaccuracies, and only then can we build 
a foundation of diet in order to help athletes reach their goals. 

This chapter is a compilation of the most common and important myths 
about nutrition, including communal questions such as, “Is a calorie a 
calorie?”; “Is there a perfect diet?”; and “Is red meat bad for you?” 
There will also be information on cholesterol and its role in heart disease, 
eating small frequent meals as opposed to fewer and larger ones, how 
protein consumption affects your kidneys, whether being gluten-free or 
vegan is healthy or necessary, and how beneficial (or not) eating organic 
foods can be. 

Knowing where certain myths stem from may give the reader a better 
idea for why they are, in fact, myths. Some come from poor science and 
some just from media stories that caught fire and were never opposed, 
but as innocent as they seem, some of these myths are dangerous and 
occasionally set our knowledge of nutrition back decades.
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Nutrition Myths 
and Clarifications

KEY TAKEAWAY
 ✴ There are various reasons why certain nutrition myths are so entrenched in cul-

ture, such as media stories, poor science, or indifference of the public.

COMMON MYTHS AND WHERE THEY CAME FROM

The Myth: A Calorie Is a Calorie
The body is a complex biological system with intricate processes that regulate 

energy balance. Different foods go through different biochemical pathways, some of 

which are inefficient and cause energy to be lost as heat.1

The first 2 laws of thermodynamics are seemingly the most relevant to the systems 

considered in nutrition, or at least the most talked about. 

The first law of thermodynamics that says energy is neither created nor destroyed 

must somehow say that 100 calories of carbohydrates will produce identical effects 

as the same amount of calories from protein or fat. The problem is that the first law 

describes a closed system not affected by the outside environment, so the human 

body is not a great example as we are all affected one way or another by the environ-

ment surrounding us easily changing how the inside of our bodies operate. It does 

state that the total energy of the system before and after must be the same, so it does 

apply; however, it says nothing about the efficiency or inefficiency of the body in 
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converting that food to energy. Since the law gives us no information about efficiency, 

the first law cannot tell us if eating different macronutrients cause identical reactions. 

Even more important is the fact that different foods and macronutrients have a major 

effect on the hormones and brain centers that control hunger and eating behavior.

The second law is what describes efficiency. Efficiency is how much work you 

can get done based on how much energy is put in, much like your car engine that 

is roughly 33% efficient, which means that one-third of the energy you put in (the 

chemical energy stored in the gasoline) does work; the other two-thirds is thrown 

off as heat.

The body works much the same way. On a government-recommended diet of 

about 60% carbs, the human body also wastes about two-thirds of the ingested 

energy as heat. If you add ethanol to gasoline, your fuel economy goes down. If you 

add hydrocarbons, your efficiency goes up.

This is exactly why we get our ratios for calorie values. Fat is 9 calories/gram, carbs 

are 4 calories, and protein is 4 calories. Atwater and Woods distinguished between 

physical fuel values and physiological fuel values.2 The first, physical fuel values, is 

the amount of energy you can get out of food by burning it with oxygen, literally. 

The body may burn fat using one set of enzymes over another—like the difference 

between aerobic (burning in the presence of oxygen) and anaerobic (burning in the 

absence of oxygen)—or may upregulate the production of fat burning enzymes to 

make the whole process more efficient. These 2 require different enzymes and other 

molecules. Different or accelerated avenues of metabolization can produce different 

amounts of energy.

The physical and physiological fuel values do not match up for protein either. It 

takes energy to process the food we eat, energy that is wasted as heat, known as the 

thermic effect of food (TEF). When you eat a meal, you warm up; it is that simple. 

There is an extensive amount of research on the subject: about 2% of the ingested 

calories of fat, 7% of carbs, and 30% of protein is wasted as heat whenever you eat.3

The Facts
While there are many different diet compositions that can work, not every one 

will work for every individual. Genetic, lifestyle, and activity level variations are just 

a few factors that can dictate what may work for a specific person. While conven-

tional wisdom may espouse the narrative that “it doesn’t matter as long as you don’t 

eat too many calories,” this is an incomplete statement. A ketogenic diet (very high 

fat, very low carb, moderate protein) causes multiple metabolic and cellular changes 

within the body that are much different than a very low fat, high carb diet. While 

normalizing for calorie intake may produce similar short-term results, it does not tell 

us anything about the overall health and long-term effect on an individual. Each ath-

lete is different and needs an individualized plan in order to optimize performance 

and health.
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The Myth: There Is One Perfect Diet
Various populations around the world have different levels of overall health that 

are caused by countless factors. We can disseminate which information correlates 

best to certain markers of health like stress, exercise, and diet. There are many popu-

lations that have similarly respectable health statuses but eat very differently. This is 

likely highly factored by genetic predisposition, one of the biggest reasons why there 

is no perfect diet and each of us should be thought of as an individual.

The Kitavan population in the Pacific Islands thrives with very low levels of car-

diovascular disease and metabolic syndrome, and their diet is composed of about 70% 

white rice and sweet potatoes, a very high carb diet,4 while inhabitants on the isle of 

Crete have the lowest mortality rate and incidence of cancer of European nations.5 

The Cretan’s diet is composed of about 40% fat, mostly from olive oil. These are just 

2 examples of vastly different diet compositions yet similarly healthy populations. 

The Facts
There is no perfect diet, but there is a perfect diet at a specific time for a specific 

goal.6 What works for some athletes may not by optimal or even recommended for 

other athletes because differences in gene expression, body fat percentage, activity 

level and type, and specific goals will determine what makes the most sense. 

The Myth: Red Meat Causes Cancer and Heart Disease
Every now and then a news story breaks with a headline telling us how red meat 

will kill you, typically citing a research paper that was not even investigating that 

specifically, with very weak (if any) correlation. Most notably was a recent study from 

2011 that made the claim that processed red meat caused a 17% increase in develop-

ing bowel cancer in meat eaters as opposed to non–red meat eaters. That statistic by 

itself is not very compelling and is even less so when actually crunching the data. The 

study was done in the United Kingdom, where the incidence of bowel cancer is 61 

people per 1000, so for every 1000 people in the UK, 61 of them will develop bowel 

cancer at some point in their life. The part of the population that ate less processed 

meat had a relative risk reduction of 17%, not an absolute risk reduction.7 

The headline and abstract lead us to believe that if one eats less processed red 

meat, the absolute bowel cancer risk reduction goes down 17%. That is not correct. 

Since the study showed a relative risk reduction, the bowel cancer rate among people 

who ate less processed red meat was 51 people per 1000, a 17% relative risk reduc-

tion, or a difference of 10 people per 1000—not exactly compelling numbers to show 

a correlation to bowel cancer.

To put these figures into context, if you have a study population of 100 people and 

normally 10 of them get X disease and the study shows an intervention produces a 

risk reduction 20%, the investigators would put that at the forefront of the article. 

However, reading that in the abstract may seem like a powerful statistic in absolute 

terms, which means that exactly 2 fewer people got X disease. 
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The Fact
Though quality of red meat varies depending on source, treatment of the animal, 

environment, and nutrition of the animal, there is no distinct correlation between 

incidence of cancer of any kind and consumption of red meat with enough compel-

ling evidence to be reproduced.

The Myth: You Can Out-Train Your Diet
Perhaps one of the biggest misconceptions athletes or the general population have 

about the “calories in/calories out” equation is that it is just simple math: burn more 

calories than you eat and you will lose weight. That proclamation has a lot of things 

wrong with it, however. First, there are many calculators that show how many calo-

ries you will expend throughout a 24-hour period based on your height and weight, 

but this is very misleading. None of these calculations take into account regulation 

of your thyroid hormone, the hormone mainly responsible for your metabolic rate, 

nor the amount of lean mass you have (muscle burns calories, but fat tissue does 

not). There are also genetic and epigenetic differences that account for calorie burn, 

so making a blanket statement about how many calories you should eat on a daily 

basis is faulty. 

In addition, all calories are not created equal. The TEF is an important part of 

the equation and must be well understood. Each macronutrient requires a unique 

amount of energy in order to process it to be used within the body. Carbs require 

about 5% to 10% of their calories just to be metabolized into energy, churned in the 

stomach, etc. Fats only require 0% to 3%, and protein takes up about 20% to 30%. 

The net calorie count of 100 g of protein is therefore not nearly the same as 100 g of 

fat. We have also seen that it does not take as much energy to digest some processed 

foods as it does whole foods.8 In other words, what happens hormonally and meta-

bolically when you ingest 100 calories of watermelon is not the same as 100 calories 

of beef jerky or a twinkie.

The overriding concept here is that unless you are a professional athlete, it is 

not likely you will be able to eat anything you want and then try to “exercise it off.” 

That is eloquently explained in a study done comparing energy expenditure while 

either walking or running. To simplify, a 30-year-old female weighing approximately 

150 lbs while running at a pace of a 10-minute mile for 1 hour will burn about 135 

calories/hour more than if she were just walking.9 That is a lot of effort to equal the 

calories in 1.5 apples, yet many athletes will perform exercise at that intensity, and 

then consume 1000 calories or more extra from a sports drink thinking that they 

already “burned it off.” This also does not take into account that the same person 

would have burned about 71 calories during the same time period if he or she were 

just sleeping.

The Facts
In order to maximize calorie burning and metabolism, increasing lean muscle 

tissue is the most beneficial way to “burn extra calories.” There may be a threshold 

where elite athletes are able to in effectively eat whatever they want, but their training 
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regimens are well beyond what the majority of competitive athletes (nevermind lay-

people) would endure.

The Myth: You Can Only Use 30 Grams of Protein 

From a Meal
This myth is easily debunked based on a contradiction in government recommen-

dations. The USDA guidelines for protein intake are 1.4 to 2.2g/kg of body weight. 

For a bodybuilder weighing 275 lbs, that translates to up to 275 g of protein neces-

sary per day. While the absolute recommendation may be appropriate (depending 

on the source, and it is a controversial subject), it becomes difficult to explain how 

to incorporate that if the body can only process 30 g at a time. That implies that the 

bodybuilder would have to eat at least 9 separate meals of 30 g of protein each day 

to maintain his muscle mass, and does not explain how much time is necessary in 

between meals to constitute a separate feeding. Certainly, that is not a daily regimen 

that would be easy to keep up with, and many athletes only eat 2 to 5 meals per day 

maximum.

The Facts
Protein intake recommendations vary based on lean tissue, type and intensity of 

activity involved on a daily basis, and goals of the individual. Guidelines should only 

be used as such, and normal protein intake should be calculated based on the amount 

of lean tissue an individual has, not his or her total weight.

The Myth: High-Protein Diet Strains Kidney Function
Since one of the main biological roles of the kidneys is to excrete and metabolize 

nitrogen byproducts from the protein that is eaten, it was believable that eating more 

protein will “strain” the kidneys in otherwise healthy people due to the excess work-

load that extra protein would cause by ingestion. This is similar to the argument 

made against acid-forming diets; however, there is no such research to support this, 

and there is quite a bit of evidence debunking it. The brain has specific mechanisms 

that regulate the desire for protein, and these mechanisms are difficult to override 

through shear willpower.10

Furthermore, no study that has postulated that “excess” protein intake will strain 

the kidneys has any objective qualification for that definition. We do not know if the 

term excess protein means 10% more than the government recommendations, 20% 

more, etc. We also have never clearly defined what a “strain” on the kidneys means. 

It could be a positive nitrogen balance, however, that is a common occurrence even 

when people eat a large steak, and the detrimental effects of that have not been 

substantiated.

The Facts 
If we want to vindicate or convict protein, we must study its effects on healthy kid-

neys. We have to see if it specifically creates problems rather than potentially worsens 
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them. According to the analysis of Martin et al, there exists no evidence that protein 

intake negatively impacts renal health in otherwise healthy, active individuals. There 

is some evidence that already impaired renal function might worsen with increased 

protein, but you cannot apply that logic with everyone, regardless of renal health.11,12

Simply put, healthy kidneys can handle plenty of protein. It is one of their primary 

functions. 

The Myth: Saturated Fat Increases Blood Cholesterol 

and Risk of Heart Disease 
Humans have been eating saturated fat in large quantities since humans have been 

eating. It was demonized years ago by the landmark “Seven Countries Study,”13 an 

observational study that claimed that saturated fat was the cause of heart disease and 

cancer. It has since been criticized for its outlandish claims, stretched extrapolations, 

incorrect conclusions, and omitted data, including the fact that there are countries 

where people eat a lot of fat but have little heart disease, such as Holland and Norway, 

as well as countries that eat very little fat and have a lot of heart disease, such as 

Chile. The same authors even went as far as to say later on that “there is no evidence 

that any of the observed cancer-serum cholesterol relationships among or within the 

populations involve an effect of serum cholesterol concentration on oncogenesis or 

cancer mortality.”14

Cholesterol is found in the membrane of every single cell in the body, helping to 

regulate structure and function. Cholesterol is also used to make steroid hormones 

like cortisol, testosterone, estrogen, and the active form of Vitamin D.

About 80% of the cholesterol in our bodies is actually produced by our own cells 

in the liver, and every cell in the body can produce cholesterol. The cholesterol we eat 

is usually a minor source compared to the amount we produce—about 20% total.15

The Fact
Not only do saturated fats raise the good type of cholesterol (high-density lipo-

proteins [HDL] cholesterol), saturated fats also only mildly elevate low-density 

lipoproteins (LDL).16,17 This may sound like there is still a large problem elevating 

LDL; however, there are 2 subtypes of LDL: small and dense or large.18,19 Small and 

dense LDL particles can become mischievous by sticking to arterial walls and caus-

ing inflammation; however, saturated fats only elevate the large, fluffy LDL particles, 

which are benign and can even be beneficial.20,21

Saturated fats are given an incorrect stigma by poor research and USDA recom-

mendations, but a simple review of that research will show how wrong that stigma is 

and that we need to be better educated on nutrition mechanisms.

The Myth: Sports Drinks Are a Great Way to Improve 

Energy During Physical Activity
You can find various sports drinks at just about any convenience store, gym, or 

university, as well all over media with advertisements explaining how important 
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they are for recovery, energy, and replacing electrolytes. A simple understanding of 

glucose metabolism will show that sports drinks are largely unnecessary at best, and 

dangerous at worst. 

Sports drinks for the purposes of this text are any drink designed or marketed for 

consumption during or after strenuous activity or exercise. They typically contain 

certain electrolytes as well as a high amount of sugar.

In order to properly break down any manufacturer claims on the benefits of sports 

drinks, it is important to note that any effect of a sports drink is also dependent on 

the context of the athlete’s diet as a whole. The majority of research comparing sports 

drinks to water or other drinks does not take this into account and is likely the most 

important aspect when trying to show a marked difference in performance. 

Humans utilize glycogen (the storage form of glucose) from 3 sources: muscle, 

liver, and blood. Transportation of liver glycogen is dependent on levels of insulin 

and glucagon. When glucagon is present, the liver dumps glycogen into the blood 

stream in order to be used as energy. For this to happen, blood sugar and insulin 

levels must be low.

Insulin has the opposite effect. When we ingest carbs or large amounts of protein, 

they cause a concomitant release of insulin from the pancreas, which, in turn, causes 

a cascade of hormonal responses. These responses create an internal environment 

that make it difficult to utilize glycogen from the liver or muscles. In order for mus-

cles to have access to muscle or liver glycogen, insulin levels must be low.22

The importance of the relationship between insulin, glucagon, glycogen, and 

adrenaline cannot be overstated. In order to access muscle and liver glycogen stores, 

insulin needs to be low.23,24 This is precisely why when marathon runners “hit the 

wall,” they believe that they have run out of glycogen stores and therefore have no 

more energy to run. However, several studies have shown through muscle biopsies 

taken from marathon runners who say they cannot continue close to the end of a 

race that the runners actually still have plenty of glycogen stores left. The reason why 

they “hit the wall” is because they do not have the ability to access those stores due 

to high insulin levels from ingesting things like sports drinks or gels, and the carbs 

from those supplements have not had enough time to process in order to keep up with 

the physical demand of the body.

The Facts
While sports drinks can benefit certain athletes in specific situations depending 

on the context of their diet, physical activity type, and intensity, the vast majority of 

athletes would not benefit from drinking sports drinks in general. In many cases, 

they can actually be detrimental to the athlete at best, and harmful at worst.

The Myth: Eating Six Meals Per Day Improves 

Metabolism 
TEF is the amount of energy expenditure above the resting metabolic rate due to 

the cost of processing food for use and storage. Every time you ingest food, meta-

bolic rate increases slightly for a few hours. Ironically, it takes energy to break down 
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and absorb energy. The amount of energy expended is directly proportional to the 

amount of calories and nutrients consumed in the meal.

As an example, if we measure TEF for a 2400-calorie diet over a 24-hour period 

with 30% protein, 40% carb, and 30% fat macronutrient breakdown, we can run a 

trial of the following variable meal frequency:

 ✴ 3 meals: 800 kcal/meal

 ✴ 6 meals: 400 kcal/meal

 ✴ 10 meals: 240 kcal/meal

In example 1, we would see a larger and long-lasting boost in metabolic rate that 

would gradually taper off until the next time food is consumed. Example 2 would 

yield a more steady boost in metabolic rate, and example 3 would be somewhere in 

the middle.

The salient point between these different examples is that, at the end of that spe-

cific 24-hour period, there would be no difference in total TEF. Meal frequency is 

not affected by it. 

A very high-quality review of meal frequency studies showed that “studies using 

whole-body calorimetry and doubly labelled water to assess total 24 [hour] energy 

expenditure find no difference between nibbling and gorging.”25

The Facts 
It is perplexing why some nutrition professionals keep repeating the myth of 

“stoking the metabolic fire” by eating small meals very frequently. It is most likely 

that the concept of TEF is not well understood and some may have disregarded the 

essential point that TEF is proportional to the calories consumed in each meal.

It is also possible that the origin of this myth is based on some epidemiological 

studies that found an inverse correlation between high meal frequency and body 

weight in the study subjects. Unfortunately, those studies did not control for calorie 

intake and were not performed on a physically active population. This does not mean 

that certain individuals would not benefit from smaller, more frequent meals during 

the day. Some athletes may find it prevents from overeating, keeps their calories on 

track, prevents hunger pangs, or is just a preference based on their schedule. 

HOW TO LOOK AT NEW INFORMATION
There is a saying that goes “correlation does not imply causation,” and this requires 

further explanation since it explains many myths about nutrition. Just because there 

is a correlation between eating fewer meals during the day and higher rates of obesity, 

that does not mean that eating few meals causes obesity. Epidemiological studies like 

this do not take into account that people who eat infrequently and are obese also are 

of the personality type that skips breakfast and has 2 donuts and a large coffee with 

extra sugar on their way to work in the morning, is too busy to eat much during the 

day, and then overeats at night. They also tend to be unconcerned about their diet. 
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It is also important to remember that people who begin eating a low meal frequency 

diet are also actively trying to lose weight, and therefore will be starting at a higher 

weight initially. The overriding point is that the correlation between meal frequency 

and obesity is that of a behavioral pattern and not a causal relationship.

Epidemiology is of course necessary during the scientific process to determine 

causal patterns; however, epidemiology only provides investigators with a question, 

not an answer. If we see that people who eat less frequently tend to be more obese, we 

should then ask why that happens and not jump to any conclusions. Unfortunately, 

much of the current USDA guidelines are based on poor epidemiological evidence, 

such as the China study and Seven Countries study. 

The China study results recommend veganism (no animal-based food whatso-

ever), and that is the healthiest way to eat for humans. These results are not even 

supported by the author’s own data. For example, the author of the China study col-

lected data from, but does not mention in his results, the county of Tuoli in China. 

The inhabitants in Tuoli ate 45% of their diet as fat, 134 g of animal protein each day 

(twice as much as the average American), and rarely ate vegetables or other plant 

foods. Yet, according to the data direct from the study, they were extremely healthy 

with low rates of heart disease and cancer; healthier, in fact, than many of the coun-

ties that were vegan or nearly vegan. This is just one of many cases of the selective 

citation and data cherry-picking the author employs in the China study.26

The Seven Countries study may be more important as it has very well shaped the 

world’s fear of fat and potentially set nutrition science backward more than 50 years. 

A full criticism of the study is beyond the scope of this text, but the largest criti-

cism shows why epidemiological data can only bring questions to the forefront, and 

answer them. The reason why it is named the “Seven” Countries study is because the 

author, Ancel Keyes, studied 7 countries in Europe and showed a correlation between 

heart disease, blood lipids, and increased fat intake, shown in Figure 3-1.27

While this graph may look compelling, Keyes did not mention that he did not 

study 7 countries. He studied 22 countries and eliminated the data from the coun-

tries that did not fit his hypothesis. You can see from the graph in Figure 3-2 what it 

would look like if you include all 22 countries, and the results are all over the place. 

It is important to note that the correlation of increased fat intake and heart disease 

risk did not fully go away, but again, correlation does not mean causation. 

Something very important to consider when researching nutrition is that the vast 

majority of nutrition research is not about what people eat, it is about what people 

tell us they eat. Historically, people are very bad at estimating calorie intake.28 Even 

dietitians, when compared to non-dietitians in terms of food intake, can be off by 

10% or more.29 Unless a well-controlled study is performed in a controlled environ-

ment like a metabolic ward, it is very difficult to trust study findings without being 

able to replicate them later under the same conditions, and that can be costly. That is 

why it is imperative to be able to not only fully digest all of the data from a research 

study, and it is even more important to be able to think critically about what the 

results imply.
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Figure 3-2. Mortality from arterio-

sclerotic and degenerative heart 

disease and percent of total calo-

ries from fat, males ages 55 to 59 

years. (Reprinted from Yerushalmy 

J, Hilleboe HE. Fat in the diet and 

mortality from heart disease; a 

methodologic note. N Y State J Med. 

1957;57:2343-2354.)

Figure 3-1. Mortality rate as compared to percentage of fat in diet. (Reprinted with permission from 

Atherosclerosis: a problem in newer public health. J Mt Sinai Hosp N Y. 1953;20(2):118-139.)
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DEFINITIONS
Ketogenic diet: A low-carb diet where the body produces ketones in the liver to be 

used as energy; a typical breakdown of a ketogenic diet is 80% fat, 15% protein, and 

5% carbohydrate

High-density lipoproteins: Lipoprotein is often referred to as “good” cholesterol; 

HDL picks up excess cholesterol in your blood and takes it back to your liver where 

it is broken down and removed from your body

Low-density lipoproteins: Lipoprotein that transports cholesterol from the liver to 

the tissues of the body; it is therefore considered the “bad” cholesterol

Insulin: A hormone produced in the pancreas by the islets of Langerhans that regu-

late the amount of glucose in the blood

Glucagon: A peptide hormone produced by alpha cells of the pancreas; it works to 

raise the concentration of glucose and fat in the bloodstream
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Practitioners need to understand the origins, signs, symptoms, and 
medical complications of disordered eating and eating disorders in their 
athletes. By appreciating the medical risks of caloric restriction, purg-
ing, and binge eating, practitioners can perform the vital role of early 
identification and referral to a multidisciplinary team with expertise in 
eating disorders. Caloric restriction bears the risks of bradycardia or slow 
heart rate; slowed digestion including gastroparesis and constipation; sex 
hormone deficiency; bone density loss; and, in more extreme cases, end-
organ failure such as hypoglycemia, bone marrow suppression, and liver 
dysfunction. Purging can result in significant volume depletion, electrolyte 
abnormalities, and the risk of edema or fluid weight gain upon purging 
cessation. Binge eating disorder can be missed due to size stigma in the 
medical field and lack of awareness of this being a full-fledged eating 
disorder. 
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Disordered Eating 
and Eating Disorders 
in Athletes
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KEY TAKEAWAYS
 ✴ Understand the signs, symptoms, and treatment protocols for various eating 

disorders in order to properly designate care.

 ✴ Body composition is not the “end-all” for overall health.

 ✴ Malnutrition can happen to athletes of any shape or size.

 ✴ Mental illness is a large part of the origin of disordered eating and must be 

treated on an individual basis.

 ✴ Practitioners should never feel pressured to treat disordered eating by them-

selves. A team approach of multiple disciplines is best.

Food is the vital fuel that permits athletes to train and perform. Regardless of their 

sport, athletes are bombarded with a bewildering variety of social messages about 

“healthy eating.” Some principles are sound, while others veer toward pseudoscience 

or are frankly dangerous. Those in the latter category tend to promote a causative 

association between categories of nutrition and disease states or performance boosts 

that have little or no bearing on reality or science. In this chapter, starting from the 

premise that athletes are susceptible to nutrition and performance messages, I will 

review how this makes them vulnerable to significantly disordered eating patterns. 

Disordered eating invariably leads to worse athletic performance, even if it might 

help in the short term, and can furthermore cause a number of medical problems not 

well recognized even by medical doctors. Even worse, disordered eating can lead to 

full-blown eating disorders, which carry the highest death rate of any mental illness. 
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By understanding the clinical presentations of disordered eating and eating disor-

ders, and the medical complications that arise from them, the practitioner can play a 

vital role in early identification and referral to an expert multidisciplinary outpatient 

team. In addition, they can hold themselves and their profession to a high standard 

of scientific, evidence-based teachings about nutrition and performance. 

Let us start with the “unwinnable game” of body composition and shape these 

days. In a sport where being big and strong matters? You’ll never get big enough. 

Where leanness and muscularity is prized? Someone else always seems to be more 

cut. Where being strong but light is a must? Each year, somehow someone taller and 

bigger is scrambling to make weight. Our commercial society thrives on exposing 

insecurities and then selling people the solution. Women have of course been fielding 

this technique for generations, with ads reminding them that their hair/skin/body is 

inadequate (but if they buy this product, they will improve and so will their lives). 

We see evidence of this strategy creeping into the domain of boys and men too, now. 

Action figures from the 1970s that had normal body proportions are remade cur-

rently as steroidal, grotesque versions of the same character, with bulging muscles, 

zero body fat, and tiny waists. Indeed, even our boys’ Halloween costumes unfortu-

nately perpetuate these messages, as preschoolers wear superhero costumes padded 

with deltoids, biceps, pectoral muscles, and a 6 pack. This contributes from early on 

to a subtle, but real, message that our little boys cannot be super or magical unless 

they have the “right” body for it. 

Athletes are particularly susceptible to food messages. They are hard-working, 

not afraid of pain, and willing to suffer for improved results. They trust coaching 

relationships that may work great on the field, road, or stage, but may not serve them 

well with nutritional advice. Practitioners can help empower athletes to request that 

nutrition recommendations come from experts—typically sports or eating disorder 

nutritionists—rather than coaches, who are surely well-meaning but may not have 

scientifically sound perspectives. It is very important that athletes hear that request-

ing this expertise is not being “uncoachable,” but rather responsible. 

Athletes want what is best for their bodies and are always looking for the “edge” 

over the competition. Modern society often suggests that can be found through 

a change in food intake. Of course, the best “edge” is almost certainly obtained 

through careful attention to good hydration, consistent sleep and adequate recovery 

time, sufficient energy intake, and attention to one’s mental health and emotional 

needs. Without these to recharge and heal the body and mind, training and perfor-

mance strategy will be much less effective, and engagement in fad food philosophies 

will not help at all. It is always worth thinking about diverse populations and risk. 

The pressure to attain perfection may be even higher in racially diverse and LBGTQ+ 

athletes. 

The problem lies in the fact that size, shape, leanness, and muscularity are still 

overvalued in sports, even when it comes to refereed as opposed to judged sports. 

As a result, to honor the high-performance vehicle that is the self, and to try and 

optimize performance, athletes can apply stringent criteria to their food intake that 

can actually lead to malnourishment, medical problems, and mental illness, end-

points that are anything but healthy and optimal. Many modern “healthy eating” 
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recommendations are unscientific fads that are unhelpful at best or harmful and 

even actively dangerous to the health at worst. They might be labeled, “all pain, no 

gain.” A great example of this is so-called “clean eating.” Beautiful, locally sourced, 

organic, and colorful fresh foods are terrific to eat, of course. However, human 

bodies are exquisitely designed to make effective use of a remarkably broad array 

of nutrients, and thrive. Unlike cows or whales that have to eat a huge amount of a 

very few types of food, humans can grow from babies into adults on a wide variety of 

foods. We know this looking around the globe and seeing how differently people eat 

in various geographies. Despite this fact, clean eating followers come to believe that 

anything else somehow will sully the temple of the body, or promote “inflammation” 

and disease processes. On the contrary, I like to think of the human body as being 

the ultimate off-roading nutritional machine. Getting obsessed with clean eating is 

like getting into peak athletic shape and never leaving the house for fear of getting 

muddy. It imagines a risk that simply does not exist, and that puts unnecessary limits 

on the amazing body. 

The diet mentality is not without risk. Getting into an overly rigid relationship 

with food can turn into disordered eating or a full-blown eating disorder. Why play 

that game of Roulette? We know from sports psychology that visualization mat-

ters. When athletes become too focused on and fearful of food, they spend a lot of 

time each day considering the next meal, the last meal, food prep, and social eating, 

regardless of whether they are trying to change their weight or size. They are essen-

tially visualizing themes that are negative, rigid, and anxious. This will not help their 

performance.

To help athletes avoid food issues altogether or identify those who have gotten in 

trouble and need expert referrals, practitioners need to know the science of bodies 

and food. Specifically, what happens medically in malnutrition? Remember, malnu-

trition can occur at any body shape and size. A linebacker who starves himself all 

day and then binge eats junk food and drinks at night ravenously only to wake up in 

shame the next morning and repeat the pattern can become malnourished. Rowers 

or wrestlers who have to cut weight several times per year can become acutely mal-

nourished, not to mention dehydrated and with dangerous electrolyte abnormalities, 

depending on what techniques they are using. A cyclist who becomes overly fixated 

on healthy eating and staying lean during an injury can also become malnourished. 

The more we understand how the body reacts to a chronic imbalance between energy 

intake and performative output, the more we can identify and support athletes in 

need of help. 

RESTRICTION OF CALORIES

Case: Lauren
Lauren is a 20-year-old collegiate distance runner. Last year, her times improved 

as she started following a low-carbohydrate, no-processed-food diet and lost 10 

lbs. She was widely praised. In the last 3 months, she has become quite withdrawn, 
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having previously been a leader on her team and someone whom others could turn to. 

She rarely eats socially anymore. As the season starts, her performance is worse than 

last year, and her usual level-headedness in the face of challenges has been replaced 

by a more brittle, self-judging spirit. She pushes herself harder than ever in practice, 

and in fact has been logging miles that her coaches actively tell her not to. They ask 

her to see the team dietitian, who recommends easing off the diet. Lauren says she 

would not mind putting back on some muscle weight, but she makes no dietary 

changes because she is concerned that any extra food would actually just turn into 

fat. She also gets full really quickly after just a few bites of food and decides “that must 

be all my body needs.” Constipation is a new issue. A stress fracture just 1 month into 

the season heightens her practitioner’s concern. 

The practitioner notes that Lauren looks visibly underweight. Her hands and feet 

are cold, with bluish-red fingers and toes. She now has fine, soft hair growing on her 

face. Her pulse is 39 at rest, although right after she arrives in the practitioner’s office, 

having walked down the hall from the locker room, her pulse was over 90. She notes 

without concern that she has not had a menstrual period in over 1 year, saying that 

is so typical for the women on her team that she does not give it a second thought. 

She says she was shaky yesterday morning. She checked her blood sugar with a 

roommate’s glucometer and found it was 50 mg/dL. The shakes went away after she 

ate some fruit. She has an ache deep in her right groin where her femoral neck stress 

fracture was diagnosed. The practitioner refers her urgently to a good doctor, known 

for having expertise with eating disorders and athletes. 

The first consideration in understanding Lauren’s case is to think about the over-

all diagnosis, and what might be the implications of this diagnosis as far as outcomes. 

There are 3 possibilities: orthorexia nervosa, anorexia nervosa (AN), or atypical AN. 

The first diagnosis does not exist officially in the Diagnostic and Statistical Manual 

of Mental Disorders (DSM-V), the book that defines mental illnesses.1 However, it 

can be thought of as a potential “gateway disorder” to the DSM-V eating disorders, 

so it is worth practitioners’ awareness.

Orthorexia nervosa is a term coined by Steven Bratman.2 It refers to a person who 

is intrusively obsessed with eating in a healthy manner. Someone with orthorexia 

spends so much time thinking about, choosing, and preparing healthy foods that 

it interferes with other aspects of life. Feelings of impurity, disgust, and guilt fol-

low consumption of food not regarded as healthy. The person’s sense of safety, self-

esteem, and peace are overly dependent on the purity of what is eaten. To make this 

unofficial diagnosis, one must have food rules and preoccupations about healthy 

eating, including use of specific supplements. These food rules and constructions 

of healthy eating may vary widely from one person with orthorexia to another. 

Furthermore, the compulsive behavior and preoccupations must become clinically 

impairing.3 That is, it is not just that someone becomes hyperfocused on food, but 

rather that this focus negatively impacts a person’s social, athletic, academic, or pro-

fessional functioning. Orthorexia nervosa can lead to life-threatening malnutrition.4 

Without ever intending to lose weight, and without any distortions in their percep-

tion of body shape or size, a patient may follow his or her particular food rules to the 
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point where he or she becomes medically compromised and emaciated. In addition, 

a chronically restrictive mindset can lead to bingeing or chewing and spitting, as the 

hungry individual’s mind becomes ravenous for off-limits food groups and sufficient 

calories. Athletes’ shame, isolation, and reluctance to discuss these breaches in their 

food rules and self-care may cause them not to discuss such behaviors and, as a result, 

they miss out on needed help.

AN is a DSM-V diagnosis. It comes in 2 subtypes: restrictive (AN-R) and binge-

purge (AN-BP). For a diagnosis of AN, patients must show a restriction of energy 

intake leading to a low body weight, fear of gaining weight and of food, and a distor-

tion in the perception of one’s body image. The presence or absence of menstrual 

periods are no longer a criterion for the diagnosis of AN in the DSM-V. AN-R refers 

to patients who purely restrict calories without ever purging them. Those with 

AN-R may also engage in excessive or compulsive exercise. AN-BP refers to those 

who restrict calories and also purge, whether they engage in bingeing or not. They, 

too, may use exercise in the service of their eating disorder. Those with AN always 

have a low body weight for height, by definition. By contrast, as per a different case 

described later, patients with bulimia nervosa are typically of normal or higher body 

weight. 

AN carries the highest mortality of any mental illness; 5% to 20% of patients with 

AN will die from it, half from medical causes and half from suicide as it is a punish-

ingly cruel disease emotionally. Those with AN have a 6x mortality rate compared 

with their age-matched peers.5 An estimated 90% of those with AN are female, and 

0.5% to 1% of American women have AN. It carries a grim prognosis. Fewer than 

50% recover, while about 30% improve but never get completely better, and 20% 

develop a severe and enduring form of the illness, which is devastating to patients 

and their families financially and in terms of inability to achieve academic, profes-

sional, and interpersonal milestones.6 Despite these sobering and, to many people, 

surprising statistics, full recovery from AN is possible. 

AN is not a “choice” picked by a young, white, wealthy girl as a means of attention-

getting, as has unfortunately been a pervasive misconception. Rather, it is a compli-

cated physiological, psychological, and sociological problem that affects people of 

all ages, genders, races, and socioeconomic levels. It has a strong genetic component 

because temperamental traits are inherited from the parents that appear to predis-

pose patients to developing AN. These include intelligence, anxiety, perfectionism, 

rigidity, determination, and sensitivity to external validation or invalidation. These 

traits are productive, positive traits usually, and they can certainly drive athletes to 

work hard and perform well. However, when the temperamental traits are unusually 

pronounced and are located within a thin-obsessed society, simple weight loss of any 

kind—whether from a diet, an intention to eat healthier food, or a medical illness 

that causes weight loss—can trigger the onset of a full-blown eating disorder. 

The third diagnosis we will consider in Lauren is atypical AN. This, too, is a 

formal diagnosis in the DSM-V. It applies to patients who show all of the symptoms 

and fears of classical AN, but without concurrent low body weight. Because doctors 

unfortunately bring significant weight bias and stigma to the bedside, patients with 

atypical anorexia may be missed or even praised for weight loss, especially when they 
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start with a larger body size.7,8 However, because significant, rapid weight loss can 

cause medical complications just as serious as prolonged low body weight, diagnosis 

and expert referral are just as vital for these patients. In Lauren’s case, what started as 

a desire for improved performance through dietary finessing progressed to orthorex-

ia nervosa and then to AN-R (Table 4-1).

The prevalence of disordered eating in athletes is dependent upon the sport. 

Among adult and adolescent female elite athletes, the prevalence of disordered eat-

ing is about 20% and 13%, respectively, while among adult and adolescent male 

athletes, prevalence is 8% and 3%, respectively.9,10 Broadly speaking, sports that 

are judged bring higher risks of disordered eating than sports that are refereed, and 

sports with a thin/lean aesthetic carry higher risks yet. Practitioners may wonder 

how to distinguish an athlete with disordered eating from one who accidentally 

went too far down the proverbial rabbit hole of food rules in the quest for improved 

TABLE 4-1

COMPARISON OF DIAGNOSTIC CRITERIA FOR 
ORTHOREXIA NERVOSA, ANOREXIA NERVOSA, AND 
ATYPICAL ANOREXIA NERVOSA PER DSM-V

CRITERION ORTHOREXIA 
NERVOSA

ANOREXIA 
NERVOSA

ATYPICAL 
ANOREXIA 
NERVOSA

Formal DSM-V diagnosis No Yes Yes
Restriction of energy 
intake (calories)

Sometimes Yes Yes

Excessive exercise Can occur Can occur Can occur
Intense fear of gaining 
weight or becoming fat

No Yes Yes

Distortion in perception 
of body weight, body 
shape, or severity of 
disease

No Yes Yes

Significantly low body 
weight

No Yes No

Hyperfocus on quality or 
purity of food

Yes Can occur Can occur

Purging (vomiting, laxa-
tives, or diuretics)

No In binge-purge 
subtype

Can occur
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performance. When a practitioner encounters an athlete with medical, emotional, or 

sports-affecting nutritional issues, they can ask themselves, “Is this individual driven 

to win, or driven by fear?” The athlete who is driven to win and who does not have 

an eating disorder will follow a nutritionist’s recommendations, increase calories 

and body weight, and rest as advised. They recognize that in their passionate quest 

for an edge, they accidentally went too far and they willingly and promptly change 

their behaviors. The athlete who is driven by fear, usually the fear engendered by the 

distortions of a growing mental illness, will say they will follow recommendations 

but find they cannot. Their drive for thinness, fear of weight gain, body image dis-

turbance, and fear of further loss of performance will maintain the eating disordered 

behaviors. Regardless of their eloquent, articulate arguments why they are not “sick 

enough” to foster such concerns in their teammates and practitioners, the fact is that 

they continue to restrict calories and overexert their bodies. Denial is a hallmark of 

eating disorders, and one cannot wait to intervene until a patient shows up realizing 

he or she has a problem and asking for help. 

Let us turn to a review of all the medical problems Lauren has developed as a result 

of her AN. Broadly speaking, the human brain responds to starvation by slowing the 

metabolism. The physiologic changes experienced by someone with a chronic imbal-

ance of energy intake and energy output are now characterized by the syndrome 

Relative Energy Deficiency in Sport (or RED-S). RED-S replaces the Female Athlete 

Triad, which was limited to females and only focused on the axis of bone density, 

menstrual regularity, and energy availability. RED-S provides a vastly more encom-

passing and thorough perspective, highlighting all of the issues related to body and 

food and sport. It includes impaired physiologic functioning related to metabolic 

rate, menstrual function, bone health, immunity, protein synthesis, cardiovascular 

health, gastrointestinal function, psychological impact, and more, in the context of 

chronic relative energy deficiency.11

Mammals must keep their body temperatures even and warm. However, in the 

face of chronic caloric deprivation, the body tries to spare the number of calories 

spent on this task. It does so by regrowing fetal hair, called lanugo, on the face, a lit-

eral pelt that aims to prevent heat loss from the head. It shuts down the microcircula-

tion of the hands and feet so that calorie-warmed blood does not get cool circulating 

through the extremities. This is called acrocyanosis, or “blue tips” of the fingers and 

toes. Patients feel chilly all the time and seek warmer clothing. 

Lauren’s pulse has dropped to the mid-30s at rest, and she interprets this as being 

a manifestation of her athletic heart. However, you noted that with minimal ambu-

lation, her pulse was up in the 90s as she entered the office. A true athlete’s heart 

remains slow (although perhaps not in the 30s) with minimal exertion because it is 

a well-fed, robust machine. A starving person, however, slows the heart rate at rest 

like that of a hibernating bear, with high vagal or parasympathetic tone, so as not to 

waste a calorie on an extra beat of the heart at rest. However, with minimal exertion, 

the heart rate might go up by 75% or more because the body recognizes it has lost 

muscle mass through starvation and is, physiologically, deconditioned. I recommend 

this “walk across the room test” to all practitioners as they assess whether an athlete 

has bradycardia from fitness or from malnutrition. 
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Lauren’s hypoglycemia is her most medically concerning finding. Hypoglycemia 

is probably the killer in AN-R, not cardiac complications. With rare exceptions, 

the brain can only run on glucose. Glucoses less than 70 mg/dL are low. Since the 

body is exceptionally efficient in storing glucose, we have only about 5 g of glucose 

circulating in our blood, or about 20 kcals. We store about 2000 kcals in glycogen in 

our liver and muscles. In someone who is chronically undereating relative to caloric 

burn, the body uses up these stores quite quickly. Thereafter, in the absence of con-

sumed carbs, the body is forced to break down its own lean muscle mass to synthesize 

glucose, using fat as the energy source to do this. This is a powerful reminder that 

practitioners can bring to their athletes: significant exercise while malnourished does 

not “tone” or “elongate” muscles, it shrinks them. Because our lean muscle mass is 

a major driver of our metabolism, all that athletes are doing is slowing their own 

metabolisms by restricting and exercising. When the body can no longer break down 

enough muscle to satisfy the brain’s needs, blood glucose levels fall and hypoglycemia 

develops. Severe or persistent enough hypoglycemia will cause cardiac arrest. It is a 

serious sign of malnutrition.

Lauren’s early fullness and constipation are further signs of a slowed metabolism. 

Her brain has slowed her digestion to spare calories. Gastroparesis refers to the loss of 

normal stomach peristalsis, or smooth muscle movements, that passes ingested food 

forward into the small intestine. Nearly universal in caloric restriction and rapid 

weight loss, regardless of body size, this needs to be assessed and treated by a doctor 

and dietitian in tandem. It causes early fullness, nausea, and bloating. Gastroparesis 

will almost always resolve with nutritional rehabilitation, but often prescription 

medicines are needed to permit that rehabilitation process to proceed smoothly. 

Constipation occurs by the same mechanism and is a sign of malnourishment. 

Menstrual period loss in females reflects an overall process in which sex hormones 

revert to the pre-pubertal state in the setting of malnourishment. Similarly, in males, 

testosterone drops. Broadly speaking, our brain understands that this is not a body 

that is safe to produce children. In females, the ovaries and uterus can shrink, return-

ing to their pre-adolescent size. Sex drive falls as well. The more researchers study the 

issue of sex hormones in malnutrition, the more we understand that, as with many 

combinations of genetic predisposition and environmental trigger, patients vary 

widely. In one study, 38% of patients presenting for eating disorder treatment were 

found to have lost their menstrual period while still at a normal body mass index 

(BMI),12 while in another, 25% of patients still had their period or regained it while 

still at a critically low BMI of 14 kg/m2.13 

Primary amenorrhea refers to patients never having had a first menstrual period. 

Secondary amenorrhea refers to patients who at one point had periods, but who now 

do not. In athletes, primary amenorrhea was diagnosed in 7% of collegiate athletes 

overall, and in up to 22% of those engaging in sports such as cheerleading, diving, 

and gymnastics. Presumably, the low body fat and focus on the thin ideal in those 

sports never fully permitted young women to mature hormonally. Secondary amen-

orrhea was found in 2% to 5% of collegiate athletes, but in long-distance runners and 

dancers, the prevalence was 65% to 70%.11 Hypothalamic hypogonadism causing 

secondary amenorrhea is the proper way to refer to a regression of the sex hormone 

axis in response to malnutrition. 
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So, what is the problem with a chronically low estrogen level in females, or a 

chronically low testosterone level in males? The main problem is that these states 

contribute to rapid, severe, and potentially permanent bone density loss when paired 

with the physiological stressors of chronic malnutrition, typically specifically in the 

context of low body weight. Most of our bone mass is accrued during adolescence. 

For those who develop an eating disorder during those years, the mineralization of 

the skeleton never occurs. In those who develop an eating disorder later, bone den-

sity loss can be remarkably rapid, with so-called 75-year-old bones in a 22-year-old 

athlete. 

A DEXA bone density scan should be performed within 6 months of menstrual 

period loss in females and as soon as low body weight or symptoms of low testoster-

one are a concern in males. The medical nomenclature does not help communicate 

the urgency and severity to patients who are looking for examples of how they are 

“fine” and do not need to change their behaviors. In adults over 50 years old, the 

T-score is used in the DEXA results. A T-score higher than -1 is normal, a score from 

-1 to -2.5 defines osteopenia, and a score less than -2.5 defines osteoporosis. However, 

in patients under 50 years old, a different scoring system applies. The Z-score is used 

instead of the T-score. The results are recorded as “normal” until the Z-score is less 

than -2, at which point it is only called “below the expected range for age.” If a patient 

between the ages of 20 and 50 has a Z-score of less than -2.0 and has a fragility frac-

ture or secondary cause of bone density loss (like AN), he or she is diagnosed with 

osteoporosis. In children and adolescents, only if the Z-score is less than -2 and the 

individual has had a vertebral fracture, 2 long bone fractures by age 10 years, or 3+ 

long bone fractures by age 19 years, is the diagnosis osteoporosis used.14 

The problem with this is that, practically, a Z-score of -1.8 in a 20-year-old patient 

absolutely is not clinically normal, especially if that individual is an athlete who 

should have extra strong bone density as a result of high-intensity, weightbearing 

exercise. This highlights the importance of working with physicians who are familiar 

with eating disorder and athlete physiology and can look beyond the standard radio-

graphic algorithm to interpret a DEXA in a way that is relevant and motivating to the 

patient. DEXAs should be checked every 2 years after the initial one. An important 

study found that girls and young women with AN have a 60% increase in fractures 

compared with age-matched controls, even before bone scans showed reduced bone 

mineral density. The higher risk was observed as early as 1 year into the diagnosis of 

AN, and the results were independent of exercise performed.15

The gold standard for arresting bone density loss, and perhaps for regaining some 

bone density, is nutritional rehabilitation and full weight restoration. While the topic 

of identifying a target weight range is beyond the scope of this chapter, it should 

generally take into account pre-eating disorder weight, familial body type, menstrual 

history, pediatric growth percentiles, and a thoughtful ongoing assessment of the 

whole person. One thing is clear: every day that someone is underweight and has low 

sex hormone levels, they lose more bone density.16 Calcium at 1000 to 1500 mg/day 

and 800 IU/day of vitamin D, keeping levels of Vitamin D-OH at 20 to 30, is appro-

priate but is not sufficient to treat bone density loss.17
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A detailed description of the pharmacologic treatment of bone density loss in mal-

nutrition, either in the context of RED-S or AN, is beyond the scope of this chapter, 

but it is worth mentioning oral contraceptive pills. They have been proven, without a 

doubt, not to work for bone density loss. Generating a chemical period every month 

can also cause a woman to minimize the significance of her hypothalamic hypogo-

nadism. Despite this, oral contraceptive pills continue to be mis-prescribed for this 

indication. 

However, transdermal estrogen patches, which are absorbed differently (and do 

not prevent pregnancy), have now become a vital tool in bone density loss in females 

with underweight and amenorrhea. Their efficacy has been proven in adolescent girls 

who have a bone age of at least 15 years and who have a bone mineral density score of 

less than -2.0, and it may take some time to gain and sustain a normal body weight. A 

17-b estradiol patch of 100 mcg twice weekly, with cyclic oral medroxyprogesterone 

10 mg/day on days 20 to 30 every month for uterine lining protection, increased bone 

accrual rates at the spine and hip in adolescents with AN. These are used as a bridge 

to full weight restoration.18 New data are emerging that estrogen patches are appro-

priate for female athletes with amenorrhea and bone density loss, producing both 

improvements in bone density19 and even in cognition and memory.20 An important 

study found that amenorrheic women with AN who engaged even in moderate exer-

cise—including pacing—had more rapid bone density loss than those who engaged 

in no exercise. However, once full weight restored, even intensive exercise helped 

bone density.21 Appreciating this fact, I nonetheless am convinced that, while serious 

exercise is a privilege of full recovery, mindful, supervised movement during weight 

restoration makes recovery sustainable.

Similarly, good screening for bone density loss in male athletes is vital.22 High-

risk populations include those who have low body weights and believe that thin-

ness is correlated with improved running performance23 and in those with stress 

fracture history, more than 30 miles of running weekly, and consuming fewer than 

one calcium-rich food daily.24 Nutritional rehabilitation and weight restoration is, as 

with females, the first-line therapy. In males who have completed their linear growth, 

usually verified by bone age x-ray, have low total testosterone levels, and have low 

bone density, testosterone replacement via transdermal preparations may be appro-

priate. The timing of such replacement depends in part on the severity of the bone 

density loss and possible associated fractures, as well as the length of time expected 

for weight restoration. Superb criteria exist for determining whether athletes may 

continue to engage in and compete in their sport, with regard to energy availability 

and bone density parameters. These are evidence-based and should be promoted 

wherever possible over less scientific and less rigorous gestalt judgments.25

It is worth noting that, although blood tests were not mentioned in Lauren’s case, 

most patients who purely restrict calories will have normal laboratory values. This 

can confound providers and contribute to denial of illness. However, end-organ dam-

age can occur in rapid weight loss and persistent underweight.26 Bone marrow fail-

ure, called gelatinous marrow transformation, can cause low white blood cell counts 

(leukopenia), low red blood cell counts (anemia), and low platelet counts (thrombo-

cytopenia).27 Liver damage, with elevations only in the aspartate transaminase and 
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alanine transaminase blood tests, can occur due to cellular apoptosis in response 

to malnutrition.28 Skin and hair suffer from poor nutrition, leading to hair loss 

and fragile skin that tears or bruises easily. Almost without exception, these will all 

resolve with nutritional rehabilitation.

Resolution of Lauren’s Case
At the doctor’s office, an electrocardiogram (EKG) and full lab panel are per-

formed, including a complete blood count, complete metabolic panel, vitamin D-OH 

level, thyroid function tests, prealbumin, and estradiol level. A DEXA bone scan 

is ordered. The doctor identifies that Lauren has AN and educates her about what 

that means for her medically. A multidisciplinary team is established that includes 

Lauren, her doctor, her coach, her athletic trainer, and a dietitian and therapist that 

have eating disorder expertise. The team offers her the unified message that Lauren 

must urgently change course and engage in recovery work. She is started on at least 

1600 kcals/day with swift escalation, under medical supervision. The team prepares 

her for the likelihood she will become hypermetabolic during the recovery period 

and need to consume a remarkably high number of calories/day just to restore the 

1 to 2 lbs/week of body weight required. Strict criteria are set for return to running. 

Lauren is informed that if she is unable to meet the team’s weight restoration require-

ments consistently, she will be referred to a higher level of care. 

PURGING

Case: Esteban
Esteban is a 19-year-old freshman wrestler. The transition to college has been 

a challenging one for him. He is the oldest of his siblings and was always the role 

model, with high expectations established by his parents. A highly responsible young 

man, he rarely shares his feelings and instead pushes them down and does whatever 

has to be done. Moving out of state, settling in to the new academic challenges of 

college, and establishing himself on his new team have all been more difficult than 

he would like to admit. However, it does not occur to him to confide in anyone. He 

thinks he just needs to work through it as he always has. 

One night, exhausted from a double practice and faced with school work he had 

not started, he comes back from team dinner and orders 2 pizzas and devours both, 

then follows it up with a quart of ice cream, mindlessly eating. Afterward, he feels 

shocked at himself. Embarrassed and unnerved, he makes himself throw it all up 

and resolves never to binge or purge again. However, with increasing frequency, he 

finds himself unable to resist. After bingeing and purging, he does feel a sense of 

calm, even as he cannot believe what he is doing. The routine of engaging in these 

behaviors feels like something he can exert control over. He has always had to think 

about making weight as a wrestler, but he finds himself thinking about weight and 

food a lot more often.
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This season, Esteban had planned to stay at the same weight class as last year, even 

though he grew 2 inches before college and has become stronger. His teammate’s 

father told him to eat a very low-fat diet to achieve this goal. Between his public low-

fat diet and extra running, and his private bingeing and purging, which has extended 

to include laxative abuse a few days/week, Esteban’s weight drops sharply over the 

next 1.5 months. He does not feel well at all. His trainer had found his body fat at 

the start of the season to be 13.2%, and now, after a 15-lb weight loss, his body fat is 

14.6%. 

Around this time, his muscles cramp up severely during practice, and he is 

escorted to the trainer. Esteban’s heart rate is 120 even after resting for a while, 

his lips and mouth are dry, his blood pressure is low, and his muscles are painfully 

cramped. On the back of his right hand are a number of small, scabbed scrape marks 

with calluses, which the trainer recognizes as Russell’s sign, from inducing vomiting 

by manually inducing a gag reflex. Upon compassionate questioning, Esteban admits 

to his trainer what has been going on. The trainer gets him to urgent care swiftly, 

concerned about volume depletion and low potassium levels. Indeed, upon testing 

at urgent care, his potassium level is only 2.9 mEq/L (normal is 3.5 to 5.0), and his 

bicarbonate is high at 33 mEq/L (normal is 22 to 28), showing severe volume deple-

tion. His QTc interval on his EKG is 495.

Bulimia nervosa is defined by the DSM-V as recurrent episodes of binge eat-

ing accompanied by compensatory purging behaviors (vomiting, laxative abuse, or 

diuretics), occurring at least once per week for 3 months. Patients’ sense of self is 

overly influenced by body shape and weight. Unlike in AN, patients with bulimia 

nervosa are typically normal weight or higher body weight since usually not all 

binged calories are fully eliminated (Table 4-2).

The most important medical complications of bulimia nervosa for practitioners 

to know about are ones related to electrolyte abnormalities and to the cessation of 

purging. Hypokalemia, or low potassium levels, occur due to loss in vomit, diarrhea, 

or urine, depending on the type of purging used. Potassium levels less than 3 mEq/L 

can cause serious medical problems, including muscle cramps or breakdown (rhab-

domyolysis), seizure, or cardiac arrest. Hypokalemia can induce a prolonged QTc 

interval on the EKG, which can progress to torsades de pointes, a terminal cardiac 

rhythm. QTc intervals are critical and require urgent medical attention when they 

are greater than 480 in females and greater than 490 in males. 

Severe volume depletion, or loss of both salt and water, can occur from all types of 

purging, but it is most pronounced in those who abuse laxatives due to water losses in 

diarrhea. Patients who are actively engaged in purging behaviors should be referred 

to a doctor for regular blood tests, and those with bulimia nervosa, like Esteban, need 

the same multidisciplinary team that Lauren was referred to. Just because the body 

weight is not low does not mean there is no danger. As with AN, bulimia nervosa is 

not a choice that can be fixed through intellectual discussion of the risks. It is a seri-

ous mental illness and requires an expert team. 

When patients who routinely purge stop purging, whether they have AN or buli-

mia nervosa, they can rapidly develop edema, or water retention. This can range from 



Disordered Eating and Eating Disorders in Athletes  57

uncomfortable swelling of the feet, to triggering rapid overall body weight increases, 

to accumulation of fluid in the lungs. What happens is that, in the context of chronic 

volume depletion, the body overproduces aldosterone in the adrenal glands. This 

hormone causes salt and water retention as well as urinary potassium losses. Pseudo-

Bartter syndrome, as the secondary hyperaldosteronism is called, can be treated with 

purging cessation, slow rehydration, and several weeks of spironolactone, an aldoste-

rone antagonist, under medical supervision.29 While there are many other medical 

complications of purging, these are most important ones for practitioners to identify 

in order to refer their athletes to the proper specialists.

Resolution of Esteban’s Case
Esteban receives appropriate care in the emergency department, assisted by his 

trainer advocating for him so that IV fluid is not given too quickly. He receives both 

IV and oral potassium replacement, and his EKG and lab values normalize. Esteban 

is ready for help. Ultimately, he wants to get back to a normal life and health. He 

is referred to a multidisciplinary team. It takes 4 months for his body weight and 

strength to recover, as he does emotional recovery work too. Esteban really wants 

to get back into his sport once he is in a better place. Given that wrestling carries a 

high focus on weight, his eating disorder team cautiously agrees, but will be keep-

ing a close eye on him. His coach is counseled that Esteban clearly needs to compete 

in a higher weight class, given that he grew the summer before college started. The 

TABLE 4-2

BULIMIA NERVOSA DIAGNOSTIC CRITERIA PER DSM-V
CRITERION DETAILS
Recurrent episodes of 
binge eating

• Eating, in a short period of time, an amount of 
food that is definitely larger than most people 
would eat during a similar period of time and 
under similar circumstances

• A feeling of lack of control over eating during 
the episode

Binge eating episodes 
accompanied by 
compensatory 
purging in order to 
prevent weight gain

• For example: self-induced vomiting; misuse of 
laxatives, diuretics, or other medications; fasting; 
or excessive exercise

Frequency • Binge eating and compensatory behaviors 
occur at least once per week for 3 months

Sense of self • Self-evaluation unduly influenced by body size 
or shape
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dietitian also respectfully lets the coach know that it is unscientific to recommend 

athletes eat “no more than 1 pound of food” on the night before a weigh-in, so they 

make weight. She underscores that 1 pound of food does not translate into 1 pound 

of body weight. Bodies break down food and use the calories for energy, and food 

weight in does not equate with body weight on the scale. 

BINGE EATING

Case: Martin
Martin is a 21-year-old football player. Under pressure to make the starting lineup, 

he has been training harder than ever. He and his teammates agreed to go no-sugar 

for the season to make sure that their nutrition is optimized and their bodies are get-

ting nothing but high protein and high calories. However, Martin has started binge-

ing on doughnuts late at night. He will eat a dozen behind closed doors, ravenously 

and rapidly devouring them. With his stomach uncomfortably full, he will go to bed, 

vowing that he will get back on track with his nutritional plans. He is so ashamed of 

not being able to keep up with the team’s dietary plans that he tells no one. He has 

never purged. His weight starts to rise rapidly above his goal range. 

Binge eating disorder is diagnosed by the DSM-V when a person has recurrent 

episodes of uncontrolled eating, associated with marked distress about the behav-

ior, no purging, and 3 or more of the following criteria: eating rapidly; eating until 

uncomfortably full; eating large amounts of food when not hungry; eating alone due 

to embarrassment; or feeling disgusted, depressed, or guilty after a binge. The behav-

iors must occur at least once per week for 3 months for the formal diagnosis to be 

made. Binge eating disorder is the most common of the eating disorders, with a 2% to 

4% population prevalence and equal representation of males and females (Table 4-3). 

Many people inappropriately equate thinness with health. In reality, one cannot 

tell whether someone is healthy or unhealthy by looking at their size or shape. BMI 

(kg/m2) is a poor measure of health, despite being used as a benchmark routinely. 

This is particularly true with athletes. Lauren might have had a BMI of 19 kg/m2 

as she descended into her AN, with multiple body systems malfunctioning, and yet 

have found herself squarely in the healthy range for BMI. Esteban would have also 

had a normal BMI while he was bingeing and purging, with critical electrolyte levels. 

Martin’s teammates, who do not have binge eating disorder but have BMI levels in the 

“obese” range because of their muscularity, are some of the fittest young men in the 

country. Studies have shown that people in larger bodies with good exercise capacity 

live longer than those who rarely work out and are thin.30 In addition, engaging in 

regular exercise yields life-prolonging benefits in multiple cardiovascular risk fac-

tors, independent of changes in body weight.31
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Binge eating disorder is a full-fledged eating disorder. As such, Martin, too, 

requires referral to a multidisciplinary team with expertise in eating disorders. 

Probably the most important medical complication of binge eating disorder is poor 

overall care due to size stigma in the medical community. Martin, by virtue of being 

a football player and a male, risks not being identified and treated appropriately. 

Then, due to being in a larger body, he risks size stigma when he goes to the doc-

tor. The Health at Every Size (HAES, pronounced “haze”) philosophy is the gold 

standard for binge eating disorder treatment and really should be the gold standard 

for people of all sizes and shapes.32 It encourages patients and clinicians to respect 

size diversity. It reminds us that eating enough food to nourish our bodies, without 

restrictions, and moving for joy and vitality, will most often result in our taking on 

the size and shape that were written in our genes. Eschewing a diet culture because 

diets have been proven over and over not to work, HAES urges people to ignore 

weight or weight loss as a primary target. Instead, it promotes a sustainable way of 

life. Even for elite athletes, HAES applies. One has only to look at top tennis players, 

swimmers, or any other sport to know that those who nourish themselves beautifully 

and practice their sport at the highest level still can look very different from each 

other in terms of size and shape.

TABLE 4-3

BINGE EATING DIAGNOSTIC CRITERIA PER DSM-V
CRITERION DETAILS
Recurrent episodes of 
binge eating, without 
use of compensatory 
purging behaviors

• Eating, in a short period of time, an amount of 
food that is definitely larger than most people 
would eat during a similar period of time and 
under similar circumstances

• A feeling of lack of control over eating during 
the episode

Binge eating episodes 
associated with 3 or 
more of the following

• Eating much more rapidly than normal
• Eating until feeling uncomfortably full
• Eating large amounts of food when not feeling 
physically hungry

• Eating alone because of feeling embarrassed 
by how much one is eating

• Feeling disgusted with oneself, depressed, or 
very guilty afterward

Emotional impact • Binge eating episodes are markedly distressing
Frequency • Binge eating occurs at least once per week for 

3 months
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Resolution of Martin’s Case
Martin’s practitioner has been keeping a close eye on him. Knowing Martin well, 

the practitioner notices that he has been acting more distant and that his weight has 

been rising rapidly. The practitioner knows how much it means to Martin to make 

the starting lineup. Finding a time when they have privacy, he asks Martin what is 

going on. Hearing about the team’s resolution to eat no sugar, the practitioner identi-

fies that this degree of restriction can set up cravings that lead to binges. In addition, 

intense stress or pressure, without possessing skills to ameliorate it, can intensify the 

risk of disordered eating. He lets Martin know his concerns that Martin has devel-

oped binge eating disorder and refers him to a multidisciplinary team. Martin may 

well be able to continue practicing during this work as he has no medical contraindi-

cations to participating in his sport. Ultimately, Martin and his team can collaborate 

to determine this. 

CONCLUSION
Practitioners will serve their athletes best when they know about the different eat-

ing disorders and their main medical complications. Practitioners should never feel 

pressure to treat eating disorders. Rather, they have an obligation to their athletes 

never to promote pseudo-scientific associations between nutrition and performance, 

to recognize when an athlete is starting down the rabbit hole of disordered eating, 

and to refer appropriately to a multidisciplinary team with expertise in eating disor-

ders when appropriate. 
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DEFINITIONS
Diagnostic and Statistical Manual of Mental Disorders (DSM-V): A model of 

describing mental disorders that offers a common language and standard criteria 

for the classification of mental disorders; it is used, or relied upon, by clinicians, 

researchers, psychiatric drug regulation agencies, and health insurance companies

DEXA bone density scan: Dual-energy x-ray absorptiometry (DEXA) or bone den-

sitometry, is an enhanced form of x-ray technology that is used to measure bone loss; 

it can also be used to quantify body fat percentage in individuals

Health at Every Size: A social movement whose purpose is to encourage bodily 

acceptance and self-confidence with one’s body, often by the rejection of dieting
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Open any exercise physiology textbook and the first factor of importance 
to fatigue is a reduction of blood volume with its associated hormonal 
responses, with the second, less impressive, factor being decreased carbo-
hydrate availability. Why? Simplistically, you can fix low circulating car-
bohydrate pretty effectively by eating something and feeling the effects 
within minutes. A reduction in blood volume is more complex, taking hours 
to rectify and involving a series of hormonal and electrochemical gradient 
feedback mechanisms.
Blood volume is a combination of the red blood cells and plasma in circu-
lation. When discussing exercise and fluid shifts, the term plasma volume 
is often used, as this refers to the watery component of blood. As you 
continue exercise, a competition exists as the muscles and skin fight 
for circulating blood. Blood goes to the muscles for metabolic function. 
Blood goes to the skin to get rid of the heat produced by the working 
muscles. As body water drops, this competition becomes fiercer. As exer-
cise continues and plasma volume is lost through sweating, breathing, and 
gastrointestinal water usage, available circulating blood diminishes; there 
is less overall water in the blood, thus it is “thicker.” 

This redistribution cannot continue indefinitely as the demands of exer-
cise and thermoregulation will exceed the cardiovascular system’s ability 
to meet these demands. Ultimately, blood distribution to the skin will 
decrease in favor of delivery to the exercising muscles, increasing thermal 
stress and eventually risking heat illness. When the body reaches this 
point, it becomes unable to keep the status quo against the rising tem-
perature of the muscles and overall core temperature. These tempera-
ture points usually signal the body to cease exercise. The first aspect of 
fatigue is the tipping point of muscle temperature over 102°F, at which 
point the contractile proteins start to physically break down. The second 
point is core temperature reaching ~104°F to 105.8°F (40°C to 41°C), 
signaling changes to the central nervous system to slow down or cease 
exercise. Note here that it is not just the core temperature that dictates 
performance impairment, but the overall thermal stress and decreased 
blood availability. The most trying situation for the body is the combina-
tion of hot skin, low body water, and elevated core temperature. During 
exercise, the most stressful physiological burden is support of high skin 
blood flow made worse by exercising in the heat. Skin temperature is 
affected more so by ambient temperature; core temperature is affected 
by exercise intensity and is largely independent from environmental fac-
tors when heat can be offloaded effectively through the body’s thermo-
regulatory system. With hot skin, there is less cooling available to return 
to the body and low body water impacts blood volume, reducing sweat 
capacity and the body’s ability to offload heat. This situation will increase 
heat stress, increase heat storage, and thus increase physiologic strain.1,2 
The point of contention, however, is at what percent body mass loss does 
performance decline occur?
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KEY TAKEAWAYS
 ✴ There are many aspects that affect hydration such as body temperature, air 

temperature, type and intensity of exercise, and other facets that should be 

considered.

 ✴ Dehydration has been extolled as the limiting factor to both the anaerobic and 

aerobic components of exercise.

 ✴ Research has indicated that in elite athletes (highly trained individuals), mild 

to moderate loss of body water (> 3% body mass loss) has minimal to no effect 

on performance in cool and neutral condition, and can handle more moderate 

temperatures with performance loss.

 ✴ A winning sports drink is composed of significantly less sugar than most brand 

name sports drinks currently on the market.

 ✴ Ideal sports drinks for fluid absorption (aka a functional hydration beverage) 

should contain 3% to 4% carbohydrate (from glucose and sucrose) with sodium 

and potassium.
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PERFORMANCE, HEAT STRESS, AND BODY WATER

Thermoregulation and Body Fluids
Besides vasodilation, evaporative heat loss through sweating is the other primary 

defense against heat storage in the body. The loss of body fluids through sweating 

leads to dehydration, threatening fluid balance and further challenging blood redis-

tribution to the muscles and skin.3 Physical activity increases total metabolic rate 

to provide energy for skeletal muscle contraction, and 70% to almost 100% of this 

metabolically generated heat needs to be dissipated. Depending on environmental 

humidity and temperature, the hotter the environment, the greater the dependence 

on evaporative heat loss via sweating.4 A reduction of the central circulating blood 

volume due to either reduced blood volume (hypovolemia) accompanying dehydra-

tion, or the dilation of the peripheral blood vessels, results in a fall in the cardiac 

filling pressure and stroke volume. If left uncompensated, cardiac output will be 

compromised. 

Hypohydration—the sustained state of low fluid balance—inhibits thermoregula-

tory responses to heat stress, and both hypovolemia and plasma hyperosmolality 

(increased electrolyte concentration) impairs thermoregulatory responses such as 

vasodilation and sweating.5 At the onset of acute heat stress, even before any reduc-

tion in total body water through sweating, shifts in body fluid occur between the 

bloodstream and the surrounding tissue spaces due to blood pressure changes. With 

sweating, a reduction of total body water occurs in particular if adequate amounts of 

fluid are not consumed. Hypohydration affects the water content in each of the com-

partments. The initial body water loss mostly comes from the blood volume and fluid 

in between the cells. However, as body water loss increases, a proportionately greater 

percentage of water deficit comes from within the cells themselves.6 Water appears to 

be lost from the plasma at a rate 1 to 5 times that of other fluid compartments, with 

relatively greater plasma water loss accompanied by sodium ions lost through sweat 

and urine. Nose and colleagues7 investigated the relationship between sodium [Na+] 

in sweat and the distribution of body water during dehydrating exercise. A linear 

relationship exists between the change of extracellular fluid and the change in plasma 

volume, indicating that it is the increase in plasma concentration that shifts fluid 

from the intracellular to the extracellular compartments to maintain plasma volume. 

The amounts of electrolytes lost in sweat are typically reduced with heat acclima-

tion as the sodium and chloride lost with sweat are primarily from the extracellular 

compartment. It has been reported that, over the course of heat acclimation, the 

sweat sodium concentration decreases by ~59% despite an increase of sweat rate by 

12%.8 Hence, for a given sweat rate in heat-acclimated individuals, the solute lost 

from the plasma is significantly reduced, allowing for a greater shift of fluid from 

the intracellular to extracellular compartments, which would lessen the loss of blood 

volume compared to an unacclimated individual. 

Historically, dehydration has been extolled as the limiting factor to both the 

anaerobic and aerobic components of exercise. The longstanding view has been that 



What IS Hydration? The Physiology of Fluid Absorption  67

critical levels of water deficit exist at which exercise performance is impaired. Early 

studies indicated that small (2%) to moderate (4%) body mass loss impacts oxygen 

uptake in a hot environment9 along with heart rate and core temperature.10 It was 

traditionally thought that the primary factor of fatigue was due to a drop in body 

water, critical for thermoregulation and muscle blood flow; however, hypohydration 

can increase several forms of physiological stress during physical activity, including 

metabolic (glycogen depletion), thermal, oxidative, and immune. Furthermore, labo-

ratory studies attenuate the vast role of psychological and physiological behavior due 

to the tightly controlled study environment(s). It is well-known that increased psy-

chophysical strain is directly proportional to increased physiological strain, which, 

in turn, drives behavior.11

To examine the prevailing theory that the interaction of skin temperature, core 

temperature, and hypohydration have adverse effects on exercise performance, sev-

eral investigators examined the effect of high skin vs high core temperature with and 

without dehydration on exercise performance. Cheuvront et al12 tested the effect of 

hypohydration on aerobic performance utilizing a protocol of 30 minutes of exercise 

at ~50% VO2peak, followed by a 30-minute time trial (TT) in temperate and cold envi-

ronments. A small 3% body mass loss (5% body water loss) impaired performance 

by 8% in the temperate (Tsk ~29°C), but not in the cold environment (Tsk ~20°C). 

Castellani et al13 employed a similar protocol of a preload exercise at a set intensity 

followed by a TT, with a Tsk of ~32°C in both hypohydration and euhydration trials. 

With warm skin, a 4% body mass loss impaired performance by 18% as compared to 

the warm skin with euhydration with no significant differences in core temperature 

across trials. Kenefick et al14 further tested the interaction between environmental 

conditions and hypohydration by having participants cycle for 30 minutes (50% 

VO2peak) followed by a 15-minute TT in 10°C, 20°C, 30°C, and 40°C environments 

(inducing stepwise increases in Tsk from 26°C to 36°C) when euhydrated and when 

hypohydrated by 4% body mass. Core temperature did not differ across the hypo- 

and euhydration trials; hypohydration impaired aerobic performance by 12% and 

23% when Tsk was 33°C and 36°C, respectively. Collectively, these studies demon-

strated that hypohydration degrades aerobic performance to a greater extent with 

increasing heat stress; yet it is critical to note that none of these studies considered the 

factors differentiating the effects of hypohydration in a lab vs autonomous outdoor 

exercise (among which include thirst/drive to drink, training status, airflow speed, 

blinding to hydration status, familiarization to the stress of the experimental trials, 

exercise pacing, and motivation to perform). 

Thirst plays a significant role in fluid balance (as it is one of the key psychologic 

factors to replace lost fluid), and can influence motivation as well as performance 

outcomes. For example, thirst can trigger decreased exercise intensity to prevent 

further fluid loss. In studies of dehydration, water is deliberately withheld to induce 

hypohydration; however, when exercise-induced body mass loss to 2% to 3% is 

achieved voluntarily by drinking ad libitum, no measurable effect on exercise perfor-

mance has been determined in trained individuals.15 When using realistic airflow 

in temperate conditions with ad libitum drinking, no effects of 2.5% hypohydration 

were found in trained cyclists over an 80-minute exercise trial, whereas indications 
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of greater thermal strain and performance power decline was found in untrained 

cyclists.16 Moreover, Mora-Rodriguez and colleagues17 determined that fluid inges-

tion reduced thermal and cardiovascular strain in unacclimated and trained, but not 

untrained, cyclists during moderate exercise in the heat.

Recently, Cheung and colleagues18 conducted a seminal study to determine the 

effects of thirst and dehydration on cycling performance in the heat. Participants 

were trained and acclimated to exercise in the heat and familiarized to the experi-

mental sessions to reduce cofounding psychological variables. The study employed 

either blinded sham or real IV infusion for hydration control, with simultaneous 

thirst manipulation through the use of water mouth rinse or no rinse. This allowed 4 

conditions to be tested: dehydrated with and without thirst sensation and euhydrated 

with and without thirst sensation. Importantly, the participants had no clues to their 

actual hydration status because of the IV blinding. The final outcomes indicated that 

greater thermal strain occurred in the dehydrated conditions during the 20-km self-

paced TT, but no performance metric (power output, 20 km TT completion times, 

pacing profiles) were affected by either moderate dehydration (> 2% to 3% body mass 

loss) and thirst.

What Is the Takeaway?
Recent research has indicated that, in elite athletes (highly trained individuals), 

mild to moderate loss of body water (> 3% body mass loss) has minimal to no effect 

on performance in cool and neutral conditions. In warm to hot conditions, these 

athletes can tolerate the conditions of low body water (up to 6% body mass loss) with-

out suffering heat illness, although there is a decrease in performance (in particular, 

endurance performance).19 However, in less-trained athletes (eg, recreational, new to 

sport, return to training after > 6 months off), mild to moderate hypohydration does 

have an impact on exercise performance,17 but you must also consider the psycho-

logical aspects of self-pacing, thirst sensation, discomfort of exercise, and heat, which 

all may play a significant role in motivation. Additional research should be done to 

examine the effects of greater dehydration (> 5% body mass loss) on fluid balance 

hormones, sex differences, pacing, and autonomous outdoor exercise performance to 

determine the true effect of fluid intake on realistic performance measures.

BLOOD VOLUME AND FLUID ABSORPTION
If blood volume drops (due to loss of water), what impact does this have on nutri-

ent uptake and how does this affect performance? The intestine is the primary organ 

for absorption of fluids, nutrients, and electrolytes. During prolonged exercise that 

increases core temperature, blood flow to the gastrointestinal (GI) tract may be 

reduced by up to 80% to provide sufficient blood to the working muscles and skin. 

As core temperature approaches 39°C, the intestinal temperature may be as high 

as 41°C, leading to cell damage. In addition, the shunting of blood away from the 

intestines causes ischemia and oxidative damage. Both results can compromise the 
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integrity of the intestinal tract, from large-action motility to the small action of epi-

thelial cell tight junction permeability. The disruption to the tight junction proteins 

results in an increased release of luminal endotoxins (also known as intestinal bac-

teria) into the blood stream. These endotoxins increase systemic immune response, 

inflammation, and oxidation and perpetuate GI dysfunction.

As an athlete, you should be concerned with how to mitigate this drop in blood 

volume and reduced blood flow to the GI system. What you eat and drink plays a 

critical part on your overall performance by delaying fatigue or maintaining power 

due to their effects on fluid dynamics. 

The main factors that affect fluid absorption include the following:

 ✴ The composition of what you are drinking, such as osmolality, carb choices, and 

sodium content

 ✴ Gastric emptying, or how fast a solution exits the stomach and enters the small 

intestines)

 ✴ Hypo- vs hyperosmotic changes in the intestinal lumen

 ✴ Co-transport mechanisms

Let us look at the key factors needed to pull fluid into the body’s fluid spaces. 

Ninety-five percent of all fluid absorption occurs in the small intestines, and this 

organ is very particular to osmotic and electrochemical gradients. Moreover, when 

you start to exercise, 60% to 80% of your blood is diverted away from the gut to meet 

the muscle and skin demands for blood. With this, you need to drink something that 

works with your physiology.

The normal osmolality of the intestinal lumen of a fasted individual sits between 

270 and 290 mosmol/kg, or isotonic with respect to blood. When food or fluid is 

consumed, the osmolality changes with accordance to the rate at which the nutri-

ents are emptied from the stomach into the small intestines. However, the proximal 

small intestines (duodenum and upper jejunum) are very particular to osmotic and 

electrochemical gradients; thus, returning to isotonicity becomes the priority. The 

time it takes to achieve isotonicity varies with what has been consumed, and thus the 

composition of the solution is critical for rapid fluid absorption.

Hypertonic solutions (eg, solutions with an osmolality ≥ 290 mosmol/kg) cause a 

net movement of water from circulation into the intestinal lumen to dilute the con-

tents. The greater the initial osmolality, the greater the rate of water efflux due to the 

greater osmotic gradient between the contents of the lumen and the intestinal cells. 

Moreover, the time lapse for achieving isotonicity increases the contact time of the 

solution with the intestinal walls, rendering hyperosmotic solutions ineffective in 

promoting hydration (Figure 5-1).

To further complicate the issue, plain water is associated with a poor rate of water 

absorption, primarily due to the outward flow of sodium down electrochemical gra-

dients, pulling both water and sodium into the lumen.

Studies have shown that solutions containing carbs and sodium, but maintaining 

an osmolality less than 200 mosmol/kg, achieve slower rates of water absorption than 

solutions of an osmolality between ~200 to 260 mosmol/kg. Although this is a tight 

range of osmolality, even the smallest differences can have significant effects on fluid 
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absorption. For example, the comparison of 3 solutions composed of glucose and 

sodium but with different osmolalities illustrates this point succinctly. A hypotonic 

solution (229 mosmol/kg) produced twice as rapid net water absorption into the 

bloodstream as compared to the isotonic (277 mosmol/kg), with again significantly 

less water absorption with the hypertonic (352 mosmol/kg) solution. Moreover, an 

increased rate of glucose absorption is associated with the faster water absorption 

rates of the hypotonic solution but no difference of solute absorption between the 

isotonic and hypertonic solutions.20 Further studies tested the effect of osmolality on 

fluid absorption. Trends for faster fluid absorption and directionally greater relative 

plasma volume were observed in solutions of lower osmolality for the same absolute 

carb content or lower carb (2% vs 6%) ingested,21 respectively. 

When we examine the carb used in solutions, points of contention are apparent. 

The sodium-glucose co-transport mechanism is critical for both fluid and glucose 

absorption across the cell membranes, and these are interlinked rather than separate 

pathways. Glucose is absorbed by the small intestine using an active process. Initially, 

the glucose and fluid exits the intestinal lumen via the sodium-glucose co-transporter 

proteins (SGLT-1 and SGLT-5), and is facilitated through an additional protein “gate” 

of GLUT-2. With the glucose, water and sodium also enter the blood, contributing 

to blood volume. When fructose and glucose are ingested in combination (either as 

fructose plus glucose, or as sucrose) the mean oxidized amount of the mixed sugars 

is ~66%, as opposed to fructose at 29% (women) to 45% (men) and glucose at 58%. 

The actual absorption rate of the sugars is the contention here: glucose is absorbed 

from the intestine into the plasma via more than one active glucose co-transporter 

protein, reducing the contact time with the gut lumen. Fructose, however, is less 

Figure 5-1. Capillary micro-

circulation. (Reprinted 

from https://commons.

w i k i m e d i a . o r g / w i k i /

File%3ACapillary_microcir-

culation.svg. By Kes47 (?) 

(File:Illu capillary micro-

circulation.jpg) [Public 

domain], via Wikimedia 

Commons from Wikimedia 

Commons.)
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efficient and slower to be absorbed due to less active transport mechanisms, leading 

to increased contact time with the gut lumen. Why is contact time significant? With 

incomplete and slow absorption, fructose produces a hyperosmolar environment in 

the intestines. What this means is that there is more solute than water, causing an 

increased osmotic pressure. This in turn signals fluid to be drawn into the intestines, 

producing the common feelings of bloating, gas, diarrhea, and general GI discomfort.

Maltodextrin, a polysaccharide with the building blocks of glucose, is used in 

many sports drinks instead of straight glucose for several reasons. The primary 

rationale is that maltodextrin does not affect osmolality as significantly as glucose, 

fructose, or dextrose. Because maltodextrin is a long chain of glucose molecules, it 

does not add as much to the number of solutes in a solution, thus a solution can con-

tain quite a bit of maltodextrin and still have a faster gastric emptying rate. From a 

carb availability standpoint, this is appealing because glucose molecules are absorbed 

through the several glucose co-transporter proteins. Here is the caveat: although a 

maltodextrin solution can be hypotonic—which, in theory, should promote water 

absorption—the hydrolysis of maltodextrin elevates luminal osmolality, creating the 

same hyperosmolar environment in the intestines as fructose and slowing the rate of 

water absorption.

A single beverage suitable for all environmental and race conditions probably does 

not exist. To maximize water absorption, consideration should be given to beverages 

formulated with 1) glucose and sucrose (to enhance fluid uptake via co-transport 

mechanisms) in concentrations of 2% to 4% to reduce osmolality; and 2) sodium to 

reduce sodium secretion in the duodenum, which serves to attenuate the osmotic 

flow of water from the blood into the intestinal lumen.

THE WINNING (AND NOT WINNING) SOLUTION
What is the winning solution for hydration? It is not the ones so many recreational 

(and even professional) athletes use. Here are the nutritional aspects of a typical non-

winning, carb-heavy sports drink per 8 ounces:

 ✴ 5% to 8% carb solution (12 to 19 g carb)

 ✴ Osmolality of around 300 to 305 mosmol/kg

 ✴ Sugars: maltodextrin, fructose, sucrose

 ✴ Sodium: 52 to 110 mg

 ✴ Examples include Gatorade (PepsiCo), Powerade and VitaminWater (Coca Cola 

Company), PowerBar (Premier Nutrition Corporation), Tailwind (Tailwind 

Nutrition), UCAN (The UCAN Company), Cytomax (Cytosport), HEED and 

Perpetuum (Hammer Nutrition), and Electrolyte Hydrator (Vega Sport).

 Instead, you want to seek out a sports drink that supplies some glucose, sodium, 

and other key co-transporters as described previously. A winning solution contains 

the following per 8 ounces:
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 ✴ 3% to 4% carb solution (7 to 9.4 g carb)

 ✴ Sugars: 7 to 9.4 g from glucose and sucrose

 ✴ Sodium: 180 to 225 mg

 ✴ Potassium: 60 to 75 mg (another fluid co-transporter that can help sodium)

 ✴ Examples include NUUN Performance (Nuun & Company, Inc), Osmo 

Hydration (Osmo Nutrition), Clif Shot Hydration electrolyte drink (Clif Bar & 

Company), Hydration Drink Mix (GU Energy Labs).

EXERCISE-ASSOCIATED HYPONATREMIA AND 
SEX DIFFERENCES 

Critical to maintaining extracellular fluid volume (ECFV) is sodium. When 

sweating takes place without fluid replacement, total body water is reduced from each 

fluid compartment due to the free exchange of water between compartments with a 

concomitant loss of electrolytes, primarily sodium. When plasma volume loss is due 

to total body water loss, the kidneys also act to retain sodium and water to restore 

total ECFV. As sodium and other electrolytes do not act as effective vascular osmotic 

agents because they freely diffuse across capillary endothelium, changes in sodium 

content are related to the changes in total ECFV.22 Therefore, the balance of sodium 

in the body is crucial to maintain ECFV. Commercially available sports drinks typi-

cally contain 10 to 20 mmol Na+·L-1 (20 to 40 mmol L-1 Na+; 3 to 15 mmol L-1 K+, 

6% CHO [roughly 12 to 19 g of carbs with about 52 to 110 mg of sodium per 8 oz]), 

which research has shown to be less than adequate for sodium restoration during 

dehydration from prolonged exercise or heat stress.23

Exercise-associated hyponatremia (EAH), sometimes called water intoxication, 

refers to reductions in the body’s sodium level during or up to 24 hours after physi-

cal activity; hyponatremia occurs from a dilution of the extracellular fluid with or 

without an excess of body water volume. 

Women are at greater risk for exercise-induced hyponatremia (low blood sodium 

concentration), and this risk has been attributed to their lower body weight and size, 

excess water ingestion, and longer racing times relative to men. While these factors 

contribute to the greater incidence of hyponatremia in women, it is likely that their 

greater levels of estradiol in plasma and/or tissue also play a role in increasing the risk 

of hyponatremia in women.24 The basic physiology of sodium and fluid dynamics is 

well understood. However, plasma volume in women is highly influenced by estro-

gen and progesterone. Estrogen and progesterone can have profound effects on fluid 

dynamics, in particular the Starling forces that regulate fluid movement between the 

vascular and interstitial spaces altering plasma volume (Figure 5-2).25

The hormonal influences of the menstrual cycle affect fluid dynamics by altering 

capillary permeability, vasomotor function, and the central set-point control of renal 
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hormones and plasma osmolality.26 The elevations in plasma progesterone concen-

trations during the luteal phase inhibit aldosterone-dependent sodium reabsorption 

at the kidneys due to progesterone competing with aldosterone for the mineralocorti-

coid receptor; thus, there is an increase in total body sodium excretion. For example, 

Stachenfeld et al27 have observed that the mean concentrations of aldosterone and 

plasma renin activity are greater in the mid-luteal phase than in the follicular phase. 

Thus, with a reduction of aldosterone-dependent sodium reabsorption, a phase-

dependent increase in sodium excretion occurs. With this increased excretion, the 

body responds by stimulating the renin–angiotensin–aldosterone system to try to 

hold on to additional sodium in the luteal phase. However, this competition results 

in little, if any, overall water retention but does induce fluid shifts away from the 

plasma, reducing plasma volume by ~8% in the luteal phase.

With these hormonal influences and physiologic perturbations in fluid balance, 

the signal for thirst—driven by plasma osmolality and, to some extent, volume with 

the transient hypovolemia—is dampened; the set point of osmolality is lower and 

women are hypovolemic as compared to the low hormone phase. Thirst sensitivity 

is lessened as a physiological construct, otherwise women would go crazy with the 

drive to drink in the high hormone phase, yet they are closer to the clinical definition 

of hyponatremia in the luteal phase due to the aforementioned physiological changes. 

Figure 5-2. The endog-

enous menstrual cycle. 

(Reprinted with permis-

sion from Physiological 

responses to the men-

strual cycle: implications 

for the development of 

heat illness in female 

athletes. Sports Med. 

2002;32:601-614.)
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Summary
The complexity of the body extends well into the aspect of “hydration” and what 

it means to maintain body fluids for health and for performance. The following 

guidelines may help:

 ✴ Drink to thirst during exercise if:

 º You have prehydrated prior to the training session or race; otherwise, dehy-

dration can predispose you to tissue injury, decreased motivation during 

exercise, and poor recovery (adaptations, sleep, rehydration).

 º You are heat acclimated.

 º You are adequately trained (after significant time off with lower fitness 

levels, dehydration and exercise stress can exacerbate thermal strain and 

decrease your performance metrics).

 º You have a history of EAH or have syndrome of inappropriate antidiuretic 

hormone secretion.

 ✴ Drink on a schedule during exercise if:

 º You are a junior athlete and have not gone through puberty.

 º You have 2 or more heavy training sessions in a day to avoid systemic 

dehydration.

 º You are not acclimated and training at altitude.

 º You have a history of heat illness.

CONCLUSION
 ✴ The goal of hydration is to keep your body fluid levels high enough to get rid of 

the heat you produce and cool you down while you are exercising.

 ✴ Separate your fueling from your hydration.

 ✴ Do not depend on a typical sports drink for hydration. These sports drinks are 

about 5% to 8% carb with a low level of sodium and other key electrolytes. This 

carb concentration provides some energy for exercise, but it comes at the expense 

of hydration because it is too high to maximize fluid absorption in your gut.

 ✴ An ideal sports drink for fluid absorption (ie, a functional hydration beverage) 

should contain 3% to 4% carb (from glucose and sucrose) with sodium and 

potassium.

 ✴ You are more predisposed to hyponatremia (water intoxication) during the luteal 

(high-hormone) phase of your menstrual cycle.
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DEFINITIONS
Hypovolemia: A decreased volume of blood circulating in the body

Endotoxins: A heat-stable toxin associated with the outer membranes of certain 

gram-negative bacteria, released when cells are disrupted

Isotonicity: Possessing and maintaining a uniform tone or tension

Extracellular fluid volume: Bodily fluid outside of cells

Exercise-associated hyponatremia: A fluid-electrolyte disorder caused by a decrease 

in sodium levels after prolonged physical activity

REFERENCES
1. Gagge AP, Stolwijk JA, Hardy JD. Comfort and thermal sensations and associated 

physiological responses at various ambient temperatures. Environ Res. 1967;1:1-20.
2. Sawka MN, Cheuvront SN, Kenefick RW. High skin temperature and hypohydration 

impair aerobic performance. Exp Physiol. 2012;97:327-332.
3. Armstrong LE, Maresh CM. Effects of training, environment, and host factors on 

the sweating response to exercise. Int J Sports Med. 1998;19(Suppl 2):S103-S15.
4. Sawka MN, Gonzalez RR, Young AJ, Dennis RC, Valeri CR, Pandolf KB. 

Control of thermoregulatory sweating during exercise in the heat. Am J Physiol. 
1989;257:R311-R316.

5. Cheuvront SN, Kenefick RW. Dehydration: physiology, assessment, and perfor-
mance effects. Compr Physiol. 2014;4(1):257-285.

6. Costill DL, Cote R, Fink W. Muscle water and electrolytes following varied levels of 
dehydration in man. J Appl Physiol. 1976;40:6-11.

7. Nose H, Mack GW, Shi X, Nadel ER. Involvement of sodium retention hormones 
during rehydration in humans. J Appl Physiol. 1988;65:332-336.

8. Kirby CR, Convertino VA. Plasma aldosterone and sweat sodium concentrations 
after exercise and heat acclimation. J Appl Physiol. 1986;61:967-970.

9. Sawka MN. Physiological consequences of hypohydration: exercise performance and 
thermoregulation. Med Sci Sports Exerc. 1992;24:657-670.

10. Montain SJ, Coyle EF. Influence of graded dehydration on hyperthermia and cardio-
vascular drift during exercise. J Appl Physiol. 1992;73:1340-1350.



76  Chapter 5

11. Tucker R. The anticipatory regulation of performance: the physiological basis for 
pacing strategies and the development of a perception-based model for exercise per-
formance. Br J Sports Med. 2009;43:392-400.

12. Cheuvront SN, Carter R 3rd, Castellani JW, Sawka MN. Hypohydration impairs 
endurance exercise performance in temperate but not cold air. J Appl Physiol. 
2005;99:1972-1976.

13. Castellani JW, Muza SR, Cheuvront SN, et al. Effect of hypohydration and altitude 
exposure on aerobic exercise performance and acute mountain sickness. J Appl 
Physiol. 2010;109:1792-1800.

14. Kenefick RW, Cheuvront SN, Palombo LJ, Ely BR, Sawka MN. Skin temperature 
modifies the impact of hypohydration on aerobic performance. J Appl Physiol. 
2010;109:79-86.

15. Goulet EDB. Effect of exercise-induced dehydration on time-trial exercise perfor-
mance: a meta-analysis. Br J Sports Med. 2011;45:1149-1156.

16. Merry TL, Ainslie PN, Cotter JD. Effects of aerobic fitness on hypohydration-induced 
physiological strain and exercise impairment. Acta Physiol (Oxf). 2010;198:179-190.

17. Mora-Rodriguez R, Hamouti N, Del Coso J, Ortega JF. Fluid ingestion is more effec-
tive in preventing hyperthermia in aerobically trained than untrained individuals 
during exercise in the heat. Appl Physiol Nutr Metab. 2013;38:73-80.

18. Cheung SS, McGarr GW, Mallette MM, et al. Separate and combined effects of 
dehydration and thirst sensation on exercise performance in the heat. Scand J Med 
Sci Sports. 2015;25(Suppl 1):104-111.

19. Beis LY, Wright-Whyte M, Fudge B, Noakes T, Pitsiladis YP. Drinking behaviors of 
elite male runners during marathon competition. Clin J Sport Med. 2012;22:254-261.

20. Gisolfi CV, Summers RD, Schedl HP, Bleiler TL. Effect of sodium concentration in 
a carbohydrate-electrolyte solution on intestinal absorption. Med Sci Sports Exerc. 
1995;27:1414-1420.

21. Rogers J, Summers RW, Lambert GP. Gastric emptying and intestinal absorption 
of a low-carbohydrate sport drink during exercise. Int J Sport Nutr Exerc Metab. 
2005;15:220-235.

22. Harrison MH. Effects of thermal stress and exercise on blood volume in humans. 
Physiol Rev. 1985;65:149-208.

23. Vrijens DM, Rehrer NJ. Sodium-free fluid ingestion decreases plasma sodium dur-
ing exercise in the heat. J Appl Physiol. 1999;86:1847-1851.

24. Hew-Butler T, Rosner MH, Fowkes-Godek S, et al. Statement of the Third International 
Exercise-Associated Hyponatremia Consensus Development Conference, Carlsbad, 
California, 2015. Clin J Sport Med. 2015;25:303-320.

25. Marsh SA, Jenkins DG. Physiological responses to the menstrual cycle: implications 
for the development of heat illness in female athletes. Sports Med. 2002;32:601-614.

26. Oian P, Tollan A, Fadnes HO, Noddeland H, Maltau JM. Transcapillary fluid 
dynamics during the menstrual cycle. Am J Obstet Gynecol. 1987;156:952-955.

27. Stachenfeld NS, DiPietro L, Kokoszka CA, Silva C, Keefe DL, Nadel ER. 
Physiological variability of fluid-regulation hormones in young women. J Appl 
Physiol. 1999;86(3):1092-1096.





It can be quite daunting trying to keep up with all of the supplements 
that come out seemingly on a daily basis for almost any malady. Many 
are harmless and, in some cases, do not even contain the supplement 
advertised on the bottle. There are some independent regulatory agencies 
that test supplements and provide results for a fee, but it would be 
impossible for them to keep up with the overwhelming number of supple-
ment companies that are not regulated in the United States. The land-
mark Dietary Supplement Health and Education Act of 1994 (DSHEA) is 
a statute of United States Federal legislation that defines and regulates 
dietary supplements.1 The act defined supplements and effectively regu-
lated them by FDA enforcement for Good Manufacturing Practices under 
21 CFR Part 111.2 The act essentially deregulated the entire supplement 
industry, prompting an explosion of companies making absurd claims about 
myriad different supplements, with no one to tell them their claims 
were at best a waste of money, and at worst incredibly dangerous to 
the consumer of the product. Luckily, a quick internet search on a smart 
phone can assist a practitioner in looking up almost everything he or she 
might need to know about a supplement that an athlete may ask about. 

While practitioners should educate themselves on the more common 
supplements that athletes take, the entirety of that is beyond the scope 
of this text. The most common supplements taken will be the focus, 
that being protein, creatine, and caffeine. Not only are these the most 
common supplements that athletes take, they are also the most well 
researched. Even so, arguments still arise among nutrition professionals 
regarding the use, dosage, and efficacy of each.
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KEY TAKEAWAYS
 ✴ There are an innumerable amount of athletic performance-enhancing supple-

ments on the market, but practitioners would do well to be very educated on the 

most common, such as creatine, caffeine, and protein.

 ✴ There are multiple aspects of animal protein that make it a higher quality source 

in relation to plant proteins.

 ✴ Overall protein intake for athletes is a widely debated topic that still warrants 

further research and should be handled on an individual basis.

 ✴ While creatine is the most heavily researched supplement available, there are 

still gaps in the research to appropriately prescribe type, dosage, and frequency.

 ✴ Many supplement claims are not backed by proper research and should not be 

taken with proper monitoring by educated practitioners.

PROTEIN

Structure
Proteins are composed of amino acids. It has many functions including struc-

tural components of cells, contractile filaments, antibodies for human responses, 

transporters, neurotransmitters, hormones, and enzymes. There are over 140 amino 
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acid types known; however, our body generally only uses 20 of them. Amino acids 

are linked together by peptide bonds. There are 3 different classifications of amino 

acids: an aliphatic amino acid has straight carbon chains, an aromatic amino acid has 

ring structures, and acidic and basic amino acids are classified on their pH within an 

aqueous solution (Figure 6-1).

There are 8 to 9 amino acids that are considered essential as human cells are 

unable to adequately synthesize them to meet the needs for growth and maintenance. 

These essential amino acids are lysine, tryptophan, methionine, valine, phenyl-

alanine, leucine, isoleucine, and threonine. Histidine is an essential amino acid in 

infants. Methionine and phenylalanine can be converted to cysteine and tyrosine, 

but if these are inadequate in the diet or other conditions inhibit conversion, these 

2 amino acids also become essential. An amino acid can be referred to as a limiting 

amino acid if one of the essential amino acids present in a food is in an amount insuf-

ficient to support growth or maintenance. All essential amino acids must be present 

and in the right quantity in order to make protein; if even one amino acid is not at 

appropriate levels, the whole system ceases to work. 

Function
 ✴ Hormones: Many hormones are created by and in fact are proteins. These 

hormones assist in controlling body functions, especially those functions that 

involve organs. Insulin, for example, is a hormone that regulates blood sugar. It 

involves the interaction of organs such as the pancreas and liver. It is well-known 

Figure 6-1. Amino acids. (Reprinted from https://commons.wikimedia.org/wiki/File%3AAmino_

Acids-wide.svg. By Bert Hubert [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)], via 

Wikimedia Commons from Wikimedia Commons.)
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that insulin facilitates the activation of the mammalian target of rapamycin 

(mTOR) pathway, particularly high insulin levels. Leucine is a direct activator 

of the mTOR pathway and is able to “switch on” protein synthesis in muscle cells.

 ✴ Transporting and storing particles: Protein is paramount in transportation of 

certain molecules. Hemoglobin, for example, is a protein that transports oxygen 

throughout the body. Ferritin is a protein that combines with iron for storage in 

the liver. Both are vital functions of protein in the body.

 ✴ Antibodies: Antibodies are formed by protein to prevent infections and diseases. 

These specific proteins identify and assist in destroying antigens such as bacteria 

and viruses. They often work in combination with the other immune system 

cells such a T-cells. These antibodies identify and then surround antigens in 

order to keep them contained until they can be destroyed by white blood cells.

 ✴ Restoration and preservation: Protein is often referred to as the “building blocks 

of the body.” That may be an oversimplification, however, because protein is 

dynamic in the maintenance of body tissue, including development and repair. 

Hair, nails, skin, muscles, and organs are all made from protein. This is why chil-

dren need more protein per pound of body weight than adults; they are growing 

and developing new protein tissue and require more protein to increase the size 

of not only their muscular and bone tissue, but that of organ tissue as well.

 ✴ Enzymes: Enzymes are proteins that change the rate of chemical reactions in the 

body. In fact, most of the necessary chemical reactions in the body would not 

efficiently proceed without enzymes. One type of enzyme functions as an aid in 

digesting large protein, carbohydrate, and fat molecules into smaller molecules, 

while another assists the creation of DNA. Salivary amylase, found primarily 

in saliva and pancreatic fluid, converts starch and glycogen into simple sugars.

 ✴ Energy: Protein is a minor source of energy. If you consume more protein than 

you need for body tissue maintenance and other essential functions, your body 

will use it for energy, especially if you eat too little fat. The human body can do 3 

things with protein calories: put protein in fat stores, use it as an energy source, 

or use it to carry out functions vital to life. Protein calories will be used as an 

energy source when the body is lacking fat or carb calories for fuel. When the 

body receives sufficient quantities of proteins, fats, and carbs, protein will carry 

out its specific functions.

Sources
Foods that come from animals have a higher protein content than plant-derived 

sources. Meats contain approximately 80% of their energy from protein. It has been 

estimated that 65% of Americans get most of their protein from animal sources. 

Protein quality and quantity are different. Protein quantity refers to the amount of 

nitrogen found in food. Protein quality refers to the essential amino acid content in 

a protein compared with the needs of human cells. A protein that is able to provide 

all of the essential amino acids is known as a complete protein. Generally, this type of 

protein comes from an animal. 
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Animal Versus Plant Protein
Strong opinions often flare when comparing the quality of protein from animals 

vs that of plants, most vehemently from the vegetarian and vegan community. The 

development of the vegan and vegetarian movement is based primarily on passions 

without proper scientific findings, often citing cherry-picked data to back it up with 

what may seem like logic. The onus here is clearly on the vegan community to prove 

via randomized controlled studies that humans can increase muscles to their maxi-

mum potential in the same time frame as with animal-based proteins because that 

is essential for performance in athletes. The observational evidence is against this 

conjecture, as is research that shows animal sources are prevailing. The following are 

several facts concerning the comparison:

1. 30% of vegetarians are under-weight,3 which is just as dangerous as being over-

weight for mortality risk. This implies that even maintaining body weight is 

difficult with a vegetable-based diet.

2. Vegetarians (and especially vegans) are deficient in vitamin B12,4-28 which is 

essential for nutrient utilization.

3. Vegetarian males by and large have depressed levels of 2 main hormones for 

muscle growth: testosterone29-31 and IGF-1,32-36 as well as having low levels of 

several amino acids necessary for tissue repair and growth.37-47

4. Vegetarians have a worse omega-6 to omega-3 profile than meat eaters.48-52

Of course, the issue is more complex than metabolic protein needs or meeting 

the recommended dietary allowance (RDA). Also note, articles of vegan nutrition 

conclude that amino acid quality and absorption is impaired in a vegan diet.47 This 

makes trying to maintain health, never mind attempting to reach peak performance, 

difficult. These consistent findings would lead one to conclude that rare examples of 

vegan bodybuilders or competitive athletes in strength sports with any appreciable 

mass are extraordinary cases likely due to genetics, drug use, or false reporting of 

diet intake.

The origination of veganism or vegetarianism for overall health is debated. In 

fact, Corn Flakes were invented by John Harvey Kellogg to stop masturbation ini-

tially.53 He felt that eating spicy, protein-rich foods lead to increased sexual arousal. 

He started the Sanitas Food Company to produce whole-grain cereals around 1897, a 

time when the standard breakfast for the wealthy was eggs and meat, while the poor 

ate porridge, farina, gruel, and other boiled grains because they were less expensive. 

Combined with influence from politicians and heavy media advertising, Kellogg 

published the 1927 New Dietetics: A Guide to Scientific Feeding in Health and Disease, 

which persuaded government officials to fundamentally change what was considered 

“healthy” breakfast from a primarily animal fat and protein breakfast to a vegan-

friendly one, that being Kellogg’s Corn Flakes. Not only did this false narrative prove 

to be the one Kellogg wanted to push on the public, it also meant a sharp rise in the 

increase of cereal profits as a “cheap and healthy” breakfast, as well as a correlative 

increase in cardiovascular disease.

There are multiple arguments to be made for consuming animal protein over 

plant protein for those with the proper genetic disposition for it. Foods that contain 
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animal protein tend to be high in several nutrients that are often lacking in plant 

foods, such as the following:

 ✴ Vitamin B12: A water-soluble vitamin that has a key role in the normal function-

ing of the brain and nervous system, and the formation of red blood cells.

 ✴ Docosahexaenoic acid (DHA): An essential omega-3 fat found in fatty fish such 

as salmon or mackerel. It is important for brain health and is hard to get from 

plant sources but can be found in flax, chia seeds, and seaweed.54

 ✴ Zinc: Found in animal protein sources such as beef, pork, and lamb. The largest 

benefit of eating animal protein-based foods containing zinc is that it is more 

easily absorbable.55

 ✴ Vitamin D: Vitamin D is found in oily fish, eggs, and dairy. Few plants contain 

it, but the type found in animal foods is better used by your body, similar to 

zinc.56

Essential nutrients like the ones previously mentioned show a marked differ-

ence in overall health between consuming animal protein and vegan-only sources 

of protein in an athlete’s diet. For the layman or sedentary individual, lower levels 

of certain nutrients may not affect him or her negatively with symptoms for longer 

than athletes who are seeking peak performance. Therefore, it is recommended that 

athletes do not consume a vegan or vegetarian diet if their goal is to perform at the 

highest possible level for themselves individually. 

How Much Protein Should an Athlete Consume?
There are vastly different opinions on how much protein we actually need. Most 

official nutrition organizations recommend a fairly modest protein intake. According 

to the US Dietary Guidelines, the RDA of 0.8 g of protein per kg of bodyweight. In 

the case of protein, the RDA of 0.8 g/kg is the minimum amount to avoid loss of lean 

muscle mass, which is the equivalent of about 56 g of protein for a sedentary average-

sized adult male according to the Institute of Medicine; however, that was in 1960 

when the average adult male was 154 lb. Today, according to the Centers for Disease 

Control and Prevention, the average adult male weights 195.5 lb57 and, therefore, 

more general protein recommendations will have increased to 71 g.

In addition, that RDA is based on nitrogen balances and explained by the Institute 

of Medicine. Nitrogen balance is the difference between nitrogen intake and excreted 

nitrogen, measured by determining nitrogen lost in urine by a 24-hour urinary 

urea nitrogen test and comparing that to protein intake divided by 6.25. While this 

estimate may be accurate, it is also not particularly compelling. It is very easy to mis-

calculate adequate protein levels based on the nitrogen balance studies because they 

generally presume that your protein requirement is met when your nitrogen balance 

is zero. That particular assumption may lead to underestimating what a true protein 

requirement may be.

The United States Department of Agriculture (USDA) recommends about 2000 

calories per day diet for average, moderately active women and about 2600 calories 

per day for moderately active men. The “reference” woman is 5’4” tall and weighs 

126 lb and the “reference” man is 5’10” tall and weighs 154 lb. Again, these are not 
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“average” weights for Americans before even considering body fat composition. The 

USDA also adheres to estimating that 10% to 35% of calories should come from pro-

tein. If a person on a 2000-calorie diet got 20% of calories from protein, that would 

equal 100 g/day. That number is almost twice as much as the typical American male 

that the US dietary guidelines recommend.

The reference woman would need 50 to 175 g of protein per day, and the reference 

man would need 65 to 228 g of protein per day. So, given this context, it is incredibly 

difficult to ascertain whether laypeople or athletes consume too much protein.

The US dietary guidelines may have actually made things more confusing because 

their protein recommendations are based on number of ounces. Granted, the recom-

mendation is meant to cover everyone from young children to athletes to the elderly, 

but the problem is that the ounce equivalents really are not equal if you look up the 

grams of protein they have. A 1-oz chicken or steak equals about 8 to 9 g of protein, 1 

oz of fish is about 6 g protein (and even this varies by the fish), and one egg has 6 g of 

protein. Once you go further and look at what is listed as “protein”-based foods that 

are not animals, the equivalency is worse. One tbsp of peanut butter has 4 g of protein 

and 1/4 cup of cooked beans has 4.2 g of protein. Therefore, if a woman following 

the above guidelines ate the recommended 5-oz equivalents of protein, she would get 

about 6 g/oz, for about 45 g/day.

There are also variations when getting into dairy-based sources of protein. One 

cup of 1% milk has 8 g of protein, 1 cup of low-fat yogurt has about 11 g, 1 cup of soy 

milk has 8 g, and 1.5 oz of natural cheese has 10 g, so when you add the dairy in, the 

average woman is getting about 27 more g of protein from the milk group, on top of 

the protein foods group. 

The My Plate recommendations actually come out to be about 75 g of protein 

when you add dairy and other foods to the “protein foods” group for the “average” 

woman and 81 g of protein for “average” men. This is at the lower end of the guide-

lines of 10% to 35% of calories coming from protein. For a woman, 75 g of protein 

on a 2000-calorie diet is only 15% of calories from protein, and it is an even lower 

percentage, at 12% for a man on a 2600-calorie diet. These are the caloric recommen-

dations in the US dietary guidelines for men and women with “moderate” activity 

levels, ages 26 to 45 years. The confusion reaches its peak when you realize that the 

guidelines estimate that we should monitor our sugar intake to be 10% or less of total 

calories, ultimately implying that sugar is about as important as protein in the diet. 

Athletes’ bodies need protein for many reasons, and if they do not get it through 

diet, their bodies will start breaking down muscle and other tissues in order to get 

protein. This leads to muscle wasting and weakness. Satisfactory protein is also 

required for bone health. You also need protein to form enzymes and to carry oxygen 

to tissues, so inadequate protein can cause lethargy. Low protein is also associated 

with hair loss, brittle nails, and cold hands and feet. A B12 deficiency (a vitamin 

only available in animal protein) has been shown as an independent risk factor for 

coronary artery disease and serious neurological disorders in infants of vegan moth-

ers. Immune function decreases because protein is required for antibodies as stated 

previously. 
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If we are being told to eat 0.8 g/kg of protein per kg of bodyweight, we are also 

being told by My Plate that nearly 60% of our dietary intake of protein should be in 

the form of dairy or soy milk products. It is extremely unclear how to determine how 

much protein to eat from meat, and the USDA recommendations do not really seem 

to be based on much science due to the inaccuracy of nitrogen balance studies and 

the gigantic ranges from the acceptable macronutrient distribution range, but a basic 

guideline shown here may help (Table 6-1).

It appears that 100 to 120 g of protein on a 2000-calorie diet is a very realistic 

amount for athletes to maintain muscle mass, assuming that does not put them into a 

large calorie deficit and they are not performing excessive exercise. Most athletes are 

eating much more than 2000/day, so of course they will need to increase that protein 

amount proportionately. To be clear, this recommendation of course is not a blanket 

statement, and individual requirements will vary greatly. The more salient point is 

if an athlete is having a protein-related problem such as low energy, inability to gain 

muscle, or increased adipose tissue, then their protein intake should be monitored 

for a reasonable length before making any specific or drastic changes to their diet. 

Appetite is a reliable driver to make sure you get enough protein to suit the athlete’s 

needs. Appetite decreases when we get enough protein, so it is hard to eat too much 

protein because it is difficult to convert to energy. If athletes prioritize nutritious 

whole foods, changing protein intake is likely not going to be a diet modification that 

will allow athletes to create the body changes they seek.

TABLE 6-1

DAILY PROTEIN FOODS
AGE DAILY RECOMMENDATION

Children 2 to 3 years
4 to 8 years

2-oz equivalents
4-oz equivalents

Girls 9 to 13 years
14 to 18 years

5-oz equivalents
5-oz equivalents

Boys 9 to 13 years
14 to 18 years

5-oz equivalents
6.5-oz equivalents

Women 19 to 30 years
31 to 50 years
51+ years

5.5-oz equivalents
5-oz equivalents
5-oz equivalents

Men 19 to 30 years
31 to 50 years
51+ years

6.5-oz equivalents
6-oz equivalents
5.5-oz equivalents
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CREATINE
by John Kiefer, MS

Creatine is the most significant sports supplement of the past 3 decades. This 

section examines a variety of benefits discovered through several well-controlled 

studies. However, most people—including supplement manufacturers and market-

ers—fail to understand what creatine does at the cellular level. In their material, as a 

result, they make false claims.

Creatine is powerful. Altering creatine levels affects your body at the most inti-

mate and microscopic levels. This causes changes in nearly every cell in your body. 

The real effects of creatine supplementation are demonstrated by it being the 

best-selling supplement ever. Creatine sales totaled over $100 million in 2016 alone, 

and these sales were to everyone from middle scholars to the elderly. With this recent 

rush of creatine madness, a wave of misinformation followed. The body of evidence 

concerning dosing, uses, and effect will be explained here not only so all the misin-

formation can be set straight, but also to elucidate what the actual science says.

What Is Creatine?
Creatine, physically, is a combination of 3 different amino acids: glycine, arginine, 

and methionine. As for what it does, I have read and heard countless times that 

creatine is the active transport of adenosine diphosphate (ADP) back into adenosine 

triphosphate (ATP). While vague, this concept is concise and impeachable. I have 

used this same explanation myself for the sake of avoiding further discussion simply 

because it is so elegant, but what does it mean?

First, a bit of history. Creatine is not a recent discovery. We have known about it 

for over 100 years,58 and we have even known, for the majority of those 100 years, 

that supplementing with extra creatine can be beneficial.59-61 Old-school supplemen-

tation entailed eating meat. In modern times, we can just buy a canister of grainy, 

white powder, mix it with water, and chug to our heart’s content. Compared to what 

is possible naturally, this lets us take our creatine in mega-doses.

ATP is the energy currency of your cells, and ADP results from the breakdown of 

ATP, which releases a phosphate molecule and ADP. ADP is then recycled, a phos-

phate is reattached, and ATP is formed again. On the surface, it is a simple process.

Each of your cells contains mitochondria, which are dedicated energy producers. 

Mitochondria convert fatty acids, ketones, and glucose into ATP via the tricarboxylic 

acid (TCA) cycle, which you likely know as either the Krebs cycle or the citric acid 

cycle, depending on which textbook you are using and its country of origin.

At rest, mitochondria do not actually emit ATP or absorb ADP, which can be 

recycled into ATP in mitochondria.62-65 Instead, creatine interacts with an enzyme 

system called creatine kinase (CK) that is located on the outer surface of mitochon-

dria. It then picks up a phosphate molecule from ATP in the mitochondria, turning 



Supplements  87

the ATP into ADP.66-70 Once the creatine grabs a phosphate, it is then called creatine 

phosphate (Figure 6-2).

Creatine phosphate then delivers the phosphate to the area of the cell that does 

work, where, once again, CK removes the phosphate from creatine phosphate and 

combines it with ADP at the source of work. This converts the ADP back into ATP. 

Essentially, creatine transports the energy produced by mitochondria directly to the 

working parts without invoking a long series of chemical steps. It is elegant, amazing, 

and efficient.

At its most basic level, creatine is the material that keeps all of our cells supplied 

with energy through a very efficient mechanism, while keeping intracellular ADP 

levels extremely low.

Quick Energy
It is important to keep intracellular ADP levels low because, as this concentra-

tion increases, cellular respiration decreases and can trigger the need for faster 

energy.71-74 In other words, ADP buildup influences how soon the glycolytic cycle is 

turned on during intense bursts of work. By keeping ADP levels low and recycling 

ADP back into ATP at the site of work, you can produce peak power for a slightly 

longer period of time. This is the second major advantage of creatine within the cell.

 When you try to produce a large amount of power in a very short time frame—

during an Olympic lift, high-intensity repetitions, or the acceleration portion of a 

sprint—your muscle cells (especially your myofibrils) need excess energy fast. This is 

where the first of 3 energy systems come into play. 

Cells have 3 energy systems. One of these is aerobic and the other 2 are anaerobic. 

Of the 2 anaerobic energy systems, most people know about the glycolytic system, 

where glucose is burned rapidly to produce ATP. The other, which actually kicks 

in before the glycolytic cycle, is the ATP-creatine-phosphate (ATP-CP) system.75-78 

When you ramp up power production quickly, your cells need ATP at a rate higher 

than free creatine can supply by grabbing a phosphate molecule and delivering it to 

the myofibril to get turned into ATP and then burned.

Figure 6-2. Interaction of mitochondria and CK. (Reprinted from https://commons.wikimedia.org/

wiki/File%3A1016_Muscle_Metabolism.jpg. By OpenStax [CC BY 4.0 (http://creativecommons.org/

licenses/by/4.0)], via Wikimedia Commons from Wikimedia Commons.)
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In contrast, when intense activity begins from rest, we already have a huge store 

of ATP and creatine phosphate. The cells burn through the ATP stores, and creatine 

phosphate recycles the resulting ADP into ATP rapidly, but CP becomes exhausted 

in the process. Within cells, ATP levels never fully deplete, even at fatigue. Creatine 

phosphate levels, however, can become almost totally exhausted.79,80

A Bigger Battery
Think of the ATP-CP system as a battery. During rest, your cells build a surplus of 

CP and ATP as it reaches equilibrium. Then, when it is go time, you can tap into this 

surplus for rapid, almost free energy because burning up the CP continues to prevent 

the buildup of ADP, which can decrease energy production when levels get too high.

This is one of the reasons why creatine supplementation gives you a boost. 

Supplementing with creatine can increase CP levels by roughly 20%.81-83 This gives 

you a bigger battery when you need to produce massive amounts of power in very 

short periods of time.

This, however, is only a minor component. This battery is fast-acting, only lasting 

long enough for the glycolytic cycle to ramp up, which, in turn, only lasts long enough 

for the oxidative system to ramp up.84,85 These 3 are not completely isolated—they all 

can contribute energy throughout exercise or work—but they each have a sweet spot 

where they produce the majority of the energy for the entire system.

Since ATP-CP acts on such a relatively short time frame (5 seconds86), it is critical 

for resistance-type training, sprinting, and high-intensity interval training. This can 

be seen through research: creatine supplementation does almost nothing to enhance 

endurance in performance,87-91 but even relatively short exposure to supplementa-

tion can increase sprint and power performance.92-100

This is one of the instances when I will say that it is possible that supplementation 

beats training. Through various regulatory mechanisms—and from vast amounts of 

data on athletes, coupled with mathematical models—it does not seem possible to 

train the ATP-CP system directly. It is always tied with the peak output and timing of 

the glycolytic cycle.101-103 Whatever the peak output is at which you train your lactic 

acid threshold, the ATP-CP system simply adjusts to reach the same exact peak, only 

in a shorter amount of time. In other words, the ATP-CP system only acts to bridge 

the first 5 seconds of high-output performance, in order to allow your glycolytic 

energy system to ramp up. Training may not be able to do anything to specifically 

alter the ATP-CP system in isolation. Supplementation, however, seems to have the 

ability to do this.

Muscular Hypertrophy
Creatine did not make such a massive splash in the supplement industry because 

of its ability to bridge energy systems and possibly help with getting 1 or 2 repeti-

tions more than normal. Creatine supplementation is touted as an extremely effective 

muscle builder, and research supports this wholeheartedly,104-113 which has been 

verified through meta-analysis.114
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The myth spread by people who think any mass-market supplement must be 

junk—like your doctor—is that creatine supplementation does not increase lean 

body mass, but only increases fluid retention. If you are lucky, your neighborhood 

avid gym-goer who passes off word of mouth knowledge as fact will tell you the same 

thing. This is false. Creatine supplementation has been shown to cause a net flow of 

extra fluid into cells and even into the space between cells.108,115 These intra- and 

extra-cellular pools do increase in fluid content,116-118 but creatine does, in fact, 

increase muscle mass.

What is more curious is that even in the absence of resistance training, creatine 

supplementation can increase lean body mass.113

Creatine Is Anabolic
Remember, your body is in a constant state of protein turnover. It is constantly 

tearing down muscle tissue, then rebuilding it. The normal turnover rate for a lean, 

healthy individual is roughly 0.36 g of protein per pound of body weight (0.8 g/

kg).119,120 This means that a lean 200-lb male would need to consume at least 72 

g of protein per day simply to maintain body mass. We shift this balance—even in 

the absence of resistance training—so the protein turnover is less and more protein 

is synthesized than destroyed, it would be possible to gain muscle taking in a small 

amount of protein. This is typically how anti-catabolic agents work. They do not 

increase growth signals per se, but they slow muscle protein breakdown. This is likely 

how creatine works to increase muscle size (Figure 6-3).

Figure 6-3. Mitochondria 

within a myofibril. (Reprinted 

from Blausen.com staff (2014). 

“Medical gallery of Blausen 

Medical 2014”. WikiJournal of 

Medicine 1 (2). DOI:10.15347/

wjm/2014.010. ISSN 2002-4436. 

(Own work) [CC BY 3.0 (http://

creativecommons.org/licens-

es/by/3.0)], via Wikimedia 

Commons from Wikimedia 

Commons.)
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Creatine shifts the body’s metabolism to grow more muscle by both increasing 

muscle protein synthesis and decreasing muscle protein breakdown. Specifically, 

creatine enhances growth of myosin heavy chain (MHC) type I and particularly type 

II fibers.121-123 MHC type II fibers are the “fast twitch” muscle most responsible for 

the extreme amounts of muscle mass that one can achieve through resistance train-

ing.124,125 This is particularly true for MHC IIa and IIx fibers.126

Note: You may have expected to read about MHC type IIb fibers like everyone 

else, including medical texts, but humans do not actually express the super-fast 

twitch fibers, type IIb. We possess a slightly slower counterpart called type IIx.127

Creatine Is Anti-Catabolic
Like I said, we can increase hypertrophy of muscle tissue in one of two ways: by 

increasing muscle protein synthesis (the anabolic process) and by decreasing muscle 

protein breakdown (the catabolic process). As I described, creatine is definitely ana-

bolic by shifting toward greater protein synthesis. Creatine also slows muscle protein 

breakdown.

Creatine has been shown to decrease myostatin, one of the most catabolic and 

size-limiting genes in the human body.128 By decreasing activation, you get a bump 

in the maximum size you can obtain. Theoretically, though, it should reach maxi-

mum effectiveness quickly. This coincides with the current rate of research, and it 

explains why creatine supplementation can be used to prevent muscle-wasting during 

old age and cancer treatment.129,130

Research has shown that creatine supplementation can increase muscle GLUT4 

expression for up to 24 hours after resistance training above normal.123,131-133 In 

short, the more GLUT4 transporters a muscle has, the greater its ability to absorb 

glucose, replenish glycogen stores, and prevent fat cells from storing glucose as part 

of body fat.

Researchers have also demonstrated that creatine supplementation can allow 

for supercompensation of glycogen levels within muscles, but only with resistance 

training.

Additionally, ingesting carbs can increase the retention of creatine levels within 

muscles.134-136 If you eat a large bolus of carbs—especially fast-digesting carbs—the 

creatine boosts the response to carbs (in terms of glycogen storage) and the carbs 

boost the creatine retention. 

After supplementing for a couple of weeks with creatine, the body burns more glu-

cose than normal while at rest.102 It is hard to say how this research translates from 

the case studied (the participants all ate a standard mixed diet), but if it does hold 

true, then through the non-carb portions of the day, the body may clear out glucose 

reserves faster. 

Brain Boost and Longevity
Every cell in your body has mitochondria along with a creatine/creatine phosphate 

transport system, including the cells of the nervous system. By allowing an efficient 
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and low-cost recycling system for ATP, creatine keeps cells running smoothly and 

allows them to navigate short-lived energy demands as though nothing has hap-

pened. This is true even in brain cells.137,138 In a study that tested creatine supple-

mentation in vegetarians, cognitive function was found to increase.139,140 This is not 

surprising because vegetarians and vegans do not eat the primary dietary source of 

creatine (meat) and have lower levels than omnivores.141 This is also likely why you 

never see vegans competing at a world-class level in power sports like sprinting or 

powerlifting. Creatine also helps fight against cognitive decline with age.142

There is evidence in rat models that suggests that creatine could increase lifes-

pan.143,144 Since we now know what creatine actually does in cells, this is not a 

surprising discovery. If your mitochondria do not need to do the extra work of con-

verting ADP directly into ATP, we actually get a lower production of metabolic waste 

products. I am referring specifically here to positive ion carriers, which can put stress 

on the cellular machinery. The buildup of positive ion carriers is what causes fatigue 

in muscles, not excess lactate. Free potassium (K+), magnesium (Mg+2), and calcium 

(Ca+2), along with free hydrogen (H+, what lowers pH and increases acidity), are the 

sources of muscular fatigue.145-148

By supplementing with creatine, we prevent this excess mitochondrial respiration 

from activating, except during periods of physical exertion. During these periods, 

these effects can be beneficial, as you can see when you open any physique-oriented 

magazine and look at what results.

Supplementation Dosage
With scientific inquiry, sometimes the path we are on gets so worn down by the 

millions who came before us that it is easy to simply stay the course and do the same 

things we have always done. This is precisely what has happened regarding the use 

of creatine. Researchers kept using the same protocol for creatine supplementation 

after the first reports of successfully augmenting intramuscular creatine levels, and 

they are still using them today.

These studies found that 20 g/day of creatine, taken for 5 days, successfully raised 

muscle creatine content by 30% to 45%. The problem with the vast majority of these 

studies, however, is that they only lasted 5 to 7 days, yet we have been using them to 

make recommendations for people who supplement for months on end.

Note: I was not exhaustive in my search, but I pulled a large sample of research 

across different modes of inquiry (eg, looking for improvements in endurance, 

strength, power, and one-repetition max).

Of the 47 studies, only 4 tested or employed a protocol lasting longer than 14 

days and attempted to use a maintenance dosage of creatine.58-104 The idea in these 

studies is to load for 5 days at a high level—the standard 20 g/day—then maintain 

that supra-physiological concentration with 2 to 3 g daily thereafter. This protocol 

was first tested in 1996 with apparent positive results.105 It has been used ever since.

This maintenance protocol should have seemed a bit suspect to other researchers, 

but only if they had taken the time to consider that a 150-lb male (approximately 

70 kg) will burn through about 2 g of creatine naturally every day.106 Since 95% of 
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creatine exists within muscle tissue, the average resistance-trained athlete would 

require greater amounts of creatine just to maintain normal cellular levels.

It was not until 2003 that researchers tested this maintenance protocol using more 

advanced methods of determining intracellular creatine levels. The group found 

that after 2 weeks of using the standard maintenance protocol outlined previously, 

intracellular creatine levels returned to baseline.104 In other words, the maintenance 

procedure did not maintain anything.

Note: The 2 g/day maintenance level is the current recommendation by the 

American College of Sports Medicine’s expert panel on creatine.107

Unfortunately, there is no guiding research to be found regarding what it takes 

to actually maintain the supra-physiological values of intracellular creatine. All we 

know is that the current procedure is abysmal. I would guess, from examining the 

few dozen research papers available, that the amount you initially use is the daily 

dosage you should maintain.

As referenced earlier in the chapter, the majority of these papers simply used the 

standard 20 g/day mark without any rhyme or reason. This was an arbitrary choice 

by early investigators and, for some reason, it stuck. Only a handful of people used 

a formula that included bodyweight, but even they arrived at their conclusions by 

assuming that a 150-lb man should take 20 g of creatine per day. Again, nobody 

tested the assumption.

This cannot possibly be the optimal dosing schedule for everyone. On average, 

humans carry about 2 g of creatine per kg of lean muscle mass, which is about 1 g per 

pound. The maximum amount we can shove into muscles is about 3 g/kg (1.4 g/lb).108 

To hit this level, a 150-lb male would need about 25 g of creatine supplementation.

Because of the gap in research, I have to make some assumptions, but I will make 

reasonable ones. When we use these numbers to look at whole-body creatine status, 

we see that, in order to increase the amount of creatine we carry to a level above the 

baseline (1 g/lb), we need at least 2 g/day for maintenance, plus 0.4 g for every lean 

pound of muscle. Using the example of a 200-lb male with 10% body fat, we can give 

a rough estimate of at least 60 lbs of skeletal muscle. This would yield a reasonable 

calculation of (0.4 g/lb × 60 lbs)/0.95 + 2 g ≈ 27.3 g.

My hypothesis is that this would be the minimum amount of creatine needed on a 

daily basis to maintain maximum intracellular levels (the division by 0.95 takes into 

account the amount of creatine absorbed by the rest of the tissue in the body). This is 

the minimum daily amount needed because the well-controlled research shows that 

using the standard 2 g/day dosing returns intramuscular levels of creatine back to 

normal within 6 weeks.

There may be a better way to estimate the minimum daily dose, but the data do 

not exist to make a better recommendation. There is no need for a loading period if 

you are going by these formulas. If you are fairly lean, this leads to a simple formula 

to calculate your daily creatine intake:

 ✴ In lbs: Bodyweight × 0.15 = g of creatine monohydrate (CM) to ingest

 ✴ In kg: Body mass × 0.3 = g of CM to ingest

Even though I started from the actual difference in what muscles can hold, you 

will notice that these calculations give numbers that approximate the 20-g studies 
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since many of the participants were around the 150-lb threshold. Unfortunately, the 

researchers did not extend their research to include the rest of the world.

Note: These formulas appear to overestimate needs, but since 1 g of CM is only 

88% creatine, the overage takes this into account.

Creatine Sources
Creatine supplements come in several varieties: creatine ethyl ester (CEE), Kre-

Alkalyn (KA; EFX Sports), CM, and even anhydrous creatine, which has nothing 

attached.

I will not go over all of these in too much detail because you can create as many 

versions as you want just by making a creatine “salt.” For example, creatine citrate is 

a salt of creatine. None of these versions—if they have even been tested at all—have 

ever been tested to the degree of CM.

Creatine Monohydrate 
In contrast to the others, CM is incredibly well-studied—and nearly every study 

referenced herein utilized CM. It is one of the most stable forms of creatine in solu-

tion, it is not degraded during normal digestion, and 99% is either absorbed by 

muscle tissue or excreted through sweat or urine.109,110 It works, and it is cheap, too.

A few times now, I have mentioned the degradation of creatine in water. Creatine, 

when put into solution, will curl up into itself and create an inactive molecule called 

creatinine, which is a metabolic waste product. The first time I asked a doctor about 

creatine, he told me it was a waste product of metabolism, and that ingesting large 

doses of it would kill me. He was confusing creatine with creatinine, and his basic 

knowledge of cellular metabolism was, in fact, dangerously poor.

Creatine Ethyl Ester
This leads to our next version of creatine, CEE. Advertising hype behind CEE 

calls out to us from just about every magazine and website in existence, but that is 

all it is—hype. CEE degrades rapidly into creatinine in solution, and under normal 

physiological conditions (ingestion), most of it is converted rapidly and exclusively to 

creatinine.111 Researchers even found a case where the rate of conversion of CEE to 

creatinine was so rapid that it caused false positives for liver disease.112

CEE is not an optimal vehicle to ingest creatine, and the only thing you should do 

with it is flush it down the toilet because you might actually poison yourself by taking 

it. At least my doctor may have been right about one form of creatine.

Salts
Through the citation of mysterious Bulgarian studies, the idea of a “buffered 

creatine” recently came into vogue, giving us the supplement known as KA. KA is 

actually a mixture of creatine salts, ash, and baking soda. You could recreate this 

stuff in your kitchen sink. Its manufacturer claims that KA produces a buffered solu-

tion of creatine that lasts longer before degrading, so more is ingested, making it 10 
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times more effective than CM. They claim, in fact, that 1.5 g of KA is equivalent to 

10 to 15 g of CM.

Think about this. Your body, on a normal day, burns a minimum of 2 g of creatine. 

The makers of KA want you to believe that, although you are ingesting less than the 

minimum amount utilized by your body each day, it somehow magically morphs into 

the 20 to 30 g necessary to reach supra-physiological levels of intracellular creatine. 

They are counting on public ignorance for their marketing—a familiar tactic in the 

supplement industry, to be sure.

What about the idea of a buffered solution? By “buffered,” the manufacturers 

mean one that will neutralize acidity, which will slow the degradation of creatine into 

creatinine. They claim that this buffering effect helps more creatine to pass through 

your stomach for utilization. What they fail to tell you, however, are 2 things:

1. CM, in water, creates an almost perfectly neutral solution, so no buffering is 

needed there before you ingest it.113

2. High acidity—such as the type in your stomach—actually blocks the conver-

sion of creatine into creatinine, meaning once you swallow your CM, very little 

degrades into creatinine no matter how long it takes you to digest it.109,114

Now that we know something about the basic acid-base chemistry of creatine—

and that none of the claims about KA could possibly be true or meaningful—we can 

look in one last place to see whether KA holds up: the peer-reviewed research. The 

Bulgarian studies are invalidated since nobody reviewed the research before it was 

published. The research that is actually peer-reviewed backs up the facts about KA 

that we already derived from a quick analysis of the basic chemistry of creatine: KA 

does not even remotely meet label claims and does not perform nearly as well as plain 

CM.115

Dosing Schedule
Daily dosage of creatine, as is the case in the majority of the research papers on 

the subject, is broken into 3 or 4 equal doses, taken every day throughout the day. 

Again, this protocol has never been directly tested to see if it is necessary to maintain 

supra-physiological levels of creatine.

One group of researchers did something interesting that suggests you do not need 

to take creatine all day long and that you do not need to take it every day as long as 

you are averaging the necessary amount per day.116 Instead of taking 30 g/day, it may 

be possible to take 60 g every other day, achieving the same results. If anything, this 

research leads me to believe that taking creatine in divided doses all day long is prob-

ably unnecessary. If this is the case, we can better time when we ingest our creatine 

for maximal results.

How should this timing go? In general, you will want to time it around how you 

eat. Ingesting creatine with large amounts of carbs can actually increase retention of 

creatine within muscles.117-120 Researchers have not explored the reasons for this, but 

they assume it has something to do with an interaction with insulin.120
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Although I think they are on the right track, I think it actually has more to do with 

an interaction with GLUT4, which I will explain in a moment. For now, this tells us 

that, with carb back-loading in particular, the absolute best time to ingest creatine 

is immediately post-training with carbs. You could divide your daily dose amongst 

these meals, and if you are using CM, it is possible that one large load will do the job.

Avoid taking your creatine in the morning if you are a coffee drinker, or whenever 

you ingest caffeine. Creatine taken at the same time as caffeine, in the absence of 

carbs, can actually prevent a rise in intracellular creatine levels.85,121 The common 

point of interaction, as surmised previously, may have something to do with the 

GLUT4 transporters since caffeine can prevent GLUT4 activation.

Creatine interacts with GLUT4 proteins in some way that has not been fully eluci-

dated,122,123 but what this does tell us is that anything that increases GLUT4 content 

and translocation (carbs and resistance training) will improve the results of supple-

mentation, and anything that does not (caffeine and endurance training) will negate 

the effects. This also helps to explain why endurance athletes do not seem to receive 

any benefit whatsoever from creatine supplementation.

Do not take creatine with coffee. Do take creatine with training and/or carbs. 

Otherwise, take it however you would like.

Conclusion
Creatine is a powerful supplement, and it is not something that can easily be 

explained on the label of a bottle. For years now, we have been relying on supposi-

tion—and the arbitrary whims of the original researchers—to figure out how much 

to take and when to take it. This is poor science, and it is unfair to you, the practitio-

ner and consumer who not only may be asked by athletes on how to use it, but may 

also be using it yourself. Now, you are armed with the knowledge to make intelligent 

choices regarding one of the few truly effective supplements on the market, free of 

poor science and supplement manufacturer propaganda.
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CAFFEINE
Caffeine is a naturally occurring substance found in the beans, leaves, and fruit 

of various plants. It is most commonly ingested in the form of coffee, extracted from 

beans; tea, extracted from tea leaves; energy drinks from which the form typically is 

guarana seed or kola nut; and chocolate from cacao beans. It may also be bought in 

the anhydrous pill form and in mixed solutions of analgesics. It is the most common-

ly consumed drug in the world, and athletes frequently use it as an ergogenic aid. 

Figure 6-4 is a picture with common sources of caffeine and how much is in each one. 

It improves endurance and performance during prolonged, moderately intense 

activity or exercise. To a lesser degree, it also enhances short-term, high-intensity 

athletic performance. Caffeine reduces the rate of perceived exertion,149-153 improves 

concentration,154,155 reduces fatigue, and enhances alertness. Routine caffeine con-

sumption may cause tolerance or dependence, and abrupt discontinuation produces 

irritability, mood shifts, headache, drowsiness, or fatigue. Many major sport-govern-

ing bodies ban excessive use of caffeine; however, athletes may not even know it is 

possible to test positive for the supplement. 

Note: Caffeine is a banned substance by the NCAA. A urinary caffeine concentra-

tion exceeding 15 mg/mL (corresponding to ingesting about 500 mg, the equivalent 

of 6 to 8 cups of brewed coffee, 2 to 3 hours before competition) results in a positive 

drug test.156

It is also important to understand that caffeine consumption can increase the 

effects of stimulant drugs such as amphetamines or methylphenidate (Ritalin, 

Concerta), causing nervousness, tremor, and insomnia. It can even counteract the 

anti-anxiety effects of medications like lorazepam. Practitioners should always be 

aware of what other medicine an athlete may be on if they are currently taking caf-

feine in any form.

Several mechanisms have been proposed to explain the physiologic effects of 

caffeine, but adenosine receptor antagonism most likely accounts for the primary 

mode of action. It is relatively safe according to the USDA and has no known negative 

performance effects, nor does it cause significant dehydration or electrolyte imbal-

ance during exercise. An old study from 1928 began the notion that caffeine would 

cause dehydration, basing its conclusion on the fact that people who drank a lot of 

coffee tended to urinate more157; however, this was later shown to be caused by the 

absolute volume of fluid ingested and not caused by the actual caffeine. 

Caffeine can increase the mobilization of fatty acids as a fuel during exer-

cise.158-167 It is the primary reason caffeine is popular among physique athletes.

Athletes do not typically take caffeine for the cholinomimetic properties that 

suppress appetite, the cognitive-enhancing abilities, the fat-burning properties, nor 

the claim it increases testosterone levels during training168 or from raising your pain 

threshold. The most interesting effect of caffeine that athletes are likely not even 

aware of is the ability to decrease sensitivity to insulin.169-177 Coupled with resistance 

training in the morning, caffeine (in the absence of a raise in insulin from carbs) will 

make fat and muscle cells resistant to insulin shuttling glucose into them, but muscle 
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cells are still able to intake glucose because the specific type of training translocates 

GLUT4 proteins to the surface of the cell, independent of insulin. This may be the 

most salient point regarding caffeine consumption and dovetails into how resistance 

training is effective to control or reverse type II diabetes. This modulated tissue 

response is a process by which we give each tissue of the body a specific instruction, 

either through diet, activity, or both.178 Assumptions about one population cannot 

be applied to all populations out of context. Athletes (most of the time) are resistance-

training heavy in one form or another. Someone who is overweight and inactive 

would be advised to stay away of the morning caffeine. For those athletes who do not 

resistance train, morning consumption of sugar and caffeine is accelerating insulin 

resistance and pancreatic overload. Once the GLUT4 translocate, they can transport 

sugar regardless of insulin levels. With caffeine and resistance training, you can con-

trol which tissues absorb glucose and which cannot at any time of day.178

Recommendations
 ✴ 3 to 5 mg of caffeine per kg of body weight will provide enhanced cognitive 

effects and energy without causing health risks. That means an average 70-kg 

athlete would only need 210 mg of caffeine, or a medium cup of regular coffee.

 ✴ More than 400 mg of caffeine at a time may cause irritability or other symp-

toms, so do not take too much at one time. Some studies have shown that up 

Figure 6-4. Average caffeine 

content of common foods, 

beverages, and medications.

Coffee mg/cup Drugs mg/tab
Brewed ground 135 Actifed 0
Decaffeinated 5 Anacin 64
Drip 164 Aspirin (generic) 0
Instant 95 Bufferin 0
Percolated 134 Contac 0

Dristan 30
Tea mg/5 oz Excedrin 130
Herbal 0 Midol 64
1-minute brew 21-33 NoDoz 200
3-minute brew 35-46 Triaminicin 30
5-minute brew 39-50 Tylenol 0

Sudafed 0
Soft Drinks mg/12 oz Vanquish 66
Barqs Root Beer 22 Vivarin 200
Coke Classic 34.5
Diet Coke 46.5 Chocolate, cocoa, carob mg/oz
Dr. Pepper reg/diet 42 Baking chocolate 35
Fanta 0 Bittersweet chocolate 25
Fresca 0 Carob 0
Mountain Dew 55 Chocolate milk 6
Mr. Pibb 41 Cocoa mix drink 1
Mug Root Beer 0 Ovaltine 1
Pepsi Cola 37.5 Sweet/dark chocolate 20
Pepsi (sugar free) 36
Sprite 0
7-Up reg/diet 0
Sunkist Orange 42
Tab 45
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to 1000 mg at a time may be safe,179-184 but that is not recommended to test as 

individual tolerance will differ, as well as rate of metabolism.

 ✴ Caffeine can increase urinary calcium excretion. Consider limiting consump-

tion or adding a calcium supplement, especially if an athlete has a bone injury.

 ✴ Effects of caffeine are noticeable 30 minutes after consumption, so time it prop-

erly to coincide with activity.

 ✴ Do not mix caffeine with other stimulants. This may cause a dangerous heart 

arrhythmia.

 ✴ Regular caffeine consumption will cause a tolerance build up, so chronic use for 

performance enhancement is not recommended.

 ✴ If cycling off caffeine, do not go cold turkey. If an athlete is used to drinking 2 

cups of regular coffee per day, start with alternating between 2 cups and 1 cup 

per day for 5 to 7 days, then 1 cup/day, 1 cup every other day, etc. This will pre-

vent symptoms of withdrawal such as headaches and daytime fatigue.

OTHER COMMON SUPPLEMENTS
Other than protein, creatine, and caffeine, there are several other common supple-

ments that are used to a lesser extent by athletes to enhance performance. Supplement 

stores consistently bombard athletes with advertising and marketing campaigns in 

order to push their latest product. Since supplement companies are allowed to make 

any claims they want until proven otherwise, various outlandish advertisements hit 

the shelves at a dizzying speed.

Supplement claims are a double-edged sword. Some supplement companies will 

do one study on their product that shows drastic improvement for whatever it claims 

to do. Practitioners should always be questioning whether that study is legitimate, 

reproduceable, and applicable to an athlete’s context of eating and activity. That one 

study may be compelling, but it is difficult to say it would be reproduceable without 

several similar studies coming to the same conclusion. That in and of itself would 

be difficult because supplement companies likely are not able to pay for multiple 

expensive studies to show that their product works, while still keeping the price of 

the product low enough to sell. 

So many far-fetched claims have been made for supplements in recent years—

especially the ones that help you drop body fat and/or build muscle—that people have 

come to believe that all supplements are just expensive placebos. Some supplements 

may be beneficial for those who otherwise do not get those particular nutrients or 

minerals in their daily diet. Some of the more common supplements are described 

in this chapter.
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Essential Fatty Acids
Essential fatty acids (EFAs; ie, alpha-linoleic acid [omega-3] and linoleic acid 

[omega-6]) are both essential to the human diet. Those who limit fat intake for a 

host of reasons may not eat as many essential fats as they need for health and well-

ness. While alpha-linoleic acid (LNA) is listed as the essential form of the omega-3 

fatty acids, the body has to convert it into DHA and eicosapentaenoic acid (EPA), the 

actual element of omega-3 fatty acids. Athletes can easily get enough of this in fatty 

fish, such as mackerel, sardines, and salmon. For those athletes who are allergic to 

fish or do not like to eat it, an EFA supplement may benefit them. If you do not get 

several servings of this type of fatty fish each week, you are probably deficient in 

omega-3 fats because your body cannot efficiently convert LNA into EPA and DHA.

Glucosamine and Chondroitin
Glucosamine and chondroitin have been widely promoted as a treatment for 

osteoarthritis. Chondroitin, a carb, is a cartilage component that is thought to pro-

mote water retention and elasticity and to inhibit the enzymes that break down car-

tilage. Supplements are generally made from cow cartilage. Glucosamine, an amino 

sugar, is supposed to promote the formation and repair of cartilage, and supplements 

are derived from shellfish shells. Both substances are created by the body. 

They soothe the pain linked to sore joints and connective tissue and promote heal-

ing at a slow pace. The latter effect distinguishes the glucosamine-and-chondroitin 

combo from anti-inflammatory drugs, which relieve pain but do nothing to help 

repair tissue. That means it takes time for supplements aimed at joint treatment to 

work, based on cellular turnover speed. The typical doses are 1200 mg daily of glu-

cosamine and 800 of chondroitin, which can be doubled initially.

The most well-known clinical trial came from the National Institute of Health, 

called the Glucosamine/chondroitin Arthritis Intervention Trial. In 2006, the 

researchers reported on a 24-week study that involved 1583 patients who were 

randomly assigned to receive 500 mg of glucosamine hydrochloride 3 times daily, 

400  mg of sodium chondroitin sulfate 3 times daily, 500 mg of glucosamine plus 

400 mg of chondroitin sulfate 3 times daily, 200 mg of celecoxib (Celebrex) daily, or 

a placebo. The study found that glucosamine and chondroitin, alone or together, did 

not reduce osteoarthritis knee pain more effectively than a placebo. The drug group 

did about 17% better than the placebo group.185

Chondroitin appears to be a placebo at best, and glucosamine has conflicting 

evidence, but the best-designed studies do not show a benefit.186-189 To make mat-

ters more difficult, most product quality, quantity, and concentration are largely 

unknown.

Branched-Chain Amino Acids
Branched-chain amino acids (BCAAs) are made up of 3 essential amino acids: 

leucine, isoleucine, and valine. They are essential because the body is unable to 
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make them out of other amino acids, meaning they must be ingested through food 

or supplements. These 3 amino acids make up about 40% of the daily requirement of 

all 9 essential amino acids, underscoring their importance. They are found in foods 

containing protein, with the highest concentrations in chicken, beef, eggs, salmon, 

and whey protein. They can also be supplemented, which can be useful for athletes 

because free-form BCAAs bypass the liver and gut tissue and go directly to the blood 

stream.

BCAAs have a branched side chain that initiates the job of converting each amino 

acid into energy during intense exertion. They make up about 35% of all muscle tis-

sue. The more BCAAs that are present in the muscles, the more they will be used for 

energy, slowing the breakdown of muscles cells and preventing muscle loss. 

How training and nutrition triggers muscle growth is an interesting process with 

many different components. The mTOR is one pathway that can signal the break-

down or growth of muscle tissue.190 The mTOR target is a link in the chain that 

allows dietary components to activate the pathway of cellular hypertrophy. This is the 

interesting quality of the mTOR receptor. It ties dietary nutrients directly to the cel-

lular signaling process.191,192 Normally, hormones need to mediate these signals. For 

example, carbs cause a rise in insulin levels and insulin then potentiates the growth 

pathway (it will not cause growth without the necessary raw materials). Certain 

dietary supplements, however, can bypass the hormones and activate the pathway 

directly via mTOR. Just eating the right food triggers muscular hypertrophy. Leucine 

specifically binds to the mTOR receptor directly to trigger muscle growth and limit 

muscle breakdown.193-195 That is why, of the 3 BCAAs, leucine is the one supplement 

that can be purchased as a stand-alone item.

Based on the pathways and mechanisms potentiated by leucine alone, it would be 

beneficial to time leucine supplementation to coincide with when nutrient uptake 

into muscles, such as after resistance training, for example. About 5 g of leucine will 

cause a very quick and high surge of insulin, helping to shuttle nutrients into muscle 
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DEFINITIONS
Mammalian target of rapamycin (mTOR) pathway: An intracellular signaling 

pathway important in regulating the cell cycle; mTOR links with other proteins and 

serves as a core component of 2 distinct protein complexes, mTOR complex 1 and 

mTOR complex 2, which regulate different cellular processes including cell growth, 

proliferation, and motility

Creatine kinase: An enzyme, a protein necessary for muscle cells of the body to 

achieve their different chemical reactions

Type IIx: These fibers produce the most force but are incredibly inefficient based 

on their high myosin ATPase activity, low oxidative capacity, and heavy reliance on 

anaerobic metabolism

Ergogenic aid: Anything that gives you a mental or physical edge while exercising 

or competing

Adenosine receptor antagonist: A drug that acts as an antagonist of one or more of 

the adenosine receptors

mTOR: A protein kinase that links with other proteins and serves as a core com-

ponent of 2 distinct protein complexes (mTOR complex 1 and mTOR complex 2), 

which regulate different cellular processes; in particular, as a core component of both 

complexes, mTOR functions as a serine/threonine protein kinase that regulates cell 

growth, cell proliferation, cell motility, cell survival, protein synthesis, autophagy, 

and transcription
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When an athlete has an orthopedic injury—damage to bone, ligament, 
tendon, or muscle—the last thought in a practitioner’s mind is how to 
modify that athlete’s diet to optimally heal from that injury. Typically, 
the practitioner is focused solely on the acute and physical aspects of 
the injury, mainly controlling inflammation, maintaining range of motion 
in minor injuries, and in some cases immobilizing joints for more poten-
tially serious injuries. While the rehabilitation of the injury is beyond the 
scope of this text, it is worth understanding if it is possible to improve 
recovery and decrease lost time for an athlete with modifying their diet 
to be a catalyst during the recovery process.
The recovery and rejuvenation of an orthopedic injury is an ongoing pro-
cess; therefore, optimizing nutrient intake would theoretically benefit 
the athlete, no matter what stage during the injury process they are in. 
Bone, tendon, ligament, and muscle differ in how quickly they can real-
istically remodel and recover, the biggest factor being blood flow to the 
affected area as well as the turnover rate of the tissue. The turnover 
rate is the rate at which the tissue building and breakdown occurs. If 
the injured tissue has a higher turnover rate, it can more rapidly rebuild 
strong tissue. Muscle has great blood flow and a comparatively high rate 
of turnover so it can heal quite rapidly. In contrast, tendons and liga-
ments have relatively poorer blood flow and tissue turnover and tend to 
heal much more slowly. Bone can be confusing because it is somewhere in 
the middle with decent blood flow and tissue turnover but a much larger 
structure, so the absolute turnover in bony tissue can take much longer 
to fully turnover.
In order to consult athletes properly on modifying their diet for injury 
recovery, we must first understand what happens at the cellular level, 
how best to adjust total calorie intake and adapt macronutrient ratios, 
and what potential supplements are available to assist during the recovery 
of the injury.
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Eating Optimally 
for Injury Recovery

KEY TAKEAWAYS

 ✴ Prior to assessing dietary needs for orthopedic injury, practitioners must under-

stand the injury process at the cellular level.

 ✴ Obtaining necessary protein intake while injured is much easier than most ath-

letes think.

 ✴ Several potentially anti-inflammatory supplements can aid in recovery but 

should be properly vetted for efficacy.

 ✴ As important as consuming sufficient dietary fat is, consuming the right type of 

dietary fats may be equally as important.

 ✴ It is important to eat more anti-inflammatory foods, reduce carbohydrates, and 

potentially complement with certain supplements that may help recover faster.

WHAT HAPPENS DURING AN INJURY?
Once an orthopedic injury occurs, the first stage of recovery begins. That stage 

is called inflammation, followed by proliferation and remodeling. There is little that 

can be done to speed up physiology, but we can provide the optimal environment for 

healing or do the opposite and impair the process. We must understand these phases 

because even though they are discussed separately, they do overlap and sometimes 

are difficult to distinguish.
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The injury-healing process is actually very well automated and organized, even 

though the recipient of the injury may disagree with the amount of pain he or she 

may be in, but the body has very good strategies to heal itself. The process is very 

predictable. 

Coagulation and Inflammation
The first phase of the healing process is coagulation, followed by inflammation. In 

an orthopedic injury, there will be bleeding and chemical mediators brought to the 

injury site to facilitate a “plugging of the dam” in order to prevent further injury. This 

is why the first line of defense is cryotherapy, usually combined with immobilization 

and compression. Since the body tends to overdo it with chemical mediators to the 

injured area, more inflammation than is necessary occurs at the injury site. When 

that happens, secondary cell death transpires due to hypoxia.1 Interstitial f luid 

fills up space and occludes blood and lymph vessels, which prevents oxygen in the 

blood from getting to damaged tissue. Recently, arguments have been made against 

the use of ice; however, these claims are in the context of chronic injury or simple 

muscle damage from regular training when the inflammation response is much 

more subdued. In those contexts, the argument is perhaps valid. That is, of course, 

vastly different from typical acute orthopedic injuries that practitioners will see, and 

the physiological response described previously plainly shows the benefit of proper 

cryotherapy in response to an acute orthopedic injury.

Proliferation and Remodeling
While some degree of inflammation will be ongoing throughout the entire recov-

ery process, eventually most of the inflammation will dispel and the body will enter 

into the proliferation phase. During this phase, scar tissue will form at the injury site 

in a scattered manner, almost cobweb-like in design. Once the proliferation phase 

has ended, the body will begin remodeling the tissue. Remodeling implies that less 

scar tissue will form in favor of the proper tissue to replace what has been injured. 

Unfortunately, weaker scar tissue remains so the injured area typically does not 

regain full strength from pre-injury, which is why it is so important to eat optimally 

during this phase while strengthening the muscles and connective tissue around the 

area in order to further protect it from re-injury.1

It is imperative to understand how best to control inflammation during the early 

stages of recovery, and how best to support that process nutritionally. NSAIDS such 

as ibuprofen or naproxen sodium can be helpful in the short term; however, the 

potential for misuse, overuse, and side effects like stomach ulcers may result with 

long-term use.2 Some inflammation is important for ideal recovery, and once the 

primary inflammation from injury has resolved, it is more important to modulate 

rather than eliminate inflammation. With that in mind, a number of dietary supple-

ments have been studied and found to the inflammatory process so that excessive 

inflammation is avoided. Some work better than others, such as fish oil. Other com-

pounds will be discussed as well but may have a lesser overall effect.
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SUPPLEMENTS TO AID IN INJURY RECOVERY

Fish Oil
The term fish oil refers to the 2 main fatty acids that are of benefit, namely eicosa-

pentaenoic acid (EPA) and docosahexaenoic acid (DHA). Fish oil has been shown to 

greatly modulate excessive inflammation in the body by decreasing negative inflam-

matory cytokines. Studies have used doses ranging from 1.5 to 5 g of total EPA/DHA 

per day, but unfortunately, with the number of different fish oil brands available, it 

can be difficult to decide which is best. The majority come in pill form and can be 

very large and difficult to digest, especially if you require a higher dose and need to 

take up to 16 pills/day. There are also liquid products such as Very Finest Fish Oil 

(Carlson Labs), which can be used in water or other drinks and may be preferable by 

those who are not able or willing to take large handfuls of pills. Fatty fish such as 

salmon or mackerel can also be eaten as a source of fish oil, but well-formulated pills 

or liquid contain much more EPA and DHA than one could consume just by eating 

fatty fish.3

Curcumin/Turmeric 
Curcumin is a compound found in turmeric, a member of the ginger family. It has 

been shown to have a variety of modulating effects on inflammation and many swear 

by its use. The effective dose is high at 400 to 600 mg 3 times/day. It may cause stom-

ach upset with extended use and it should not be combined with either anticoagulant 

drugs or high doses of NSAIDs. 

Bromelain
Bromelain is a compound found in fresh pineapple that has been found to have 

anti-inflammatory compounds, and it also acts as in the stomach to aid with protein 

breakdown. Numerous studies have examined the impact of bromelain on the treat-

ment of arthritis and found it to be effective at doses ranging from 200 to 2000 mg/

day. While fresh pineapple has been recommended as a source of bromelain, it is 

difficult to determine how much is actually present or whether it is effective, thus 

supplementation is probably a better course of action. 

White Willow Bark
White willow bark is nothing more than a naturally occurring form of aspirin 

(that is, aspirin was a synthetically created version) that can have anti-inflammatory 

effects and might be considered. While similar to aspirin, its overall metabolism 

seems to be less problematic than the synthetic form in terms of risks or side effects. 

The effective dose is 220 to 260 mg/day. 
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Other Anti-Inflammatory Compounds 
There are a number of other inflammatory compounds that seem to be less well-

studied but which may have potential benefits.4 This includes pycnogenol (100 to 

200 mg/day), boswellia (300 to 500 mg twice/day), cat’s claw (1000 mg root bark in 

8 oz water), or capsaicin/chili pepper (dose unknown). While a compound called 

resveratrol has shown some benefit in animal studies, it is invariably via injection 

and the fact is that the absorption of resveratrol when taken orally by humans is near 

zero. The compounds mentioned previously (fish oils, turmeric/curcumin, brome-

lain, white willow bark) are probably the best choices. To both control and modulate 

inflammation, the previously mentioned supplements could be taken with food. 

Indicated doses are typically found on the food label but vary from manufacturer to 

manufacturer. Consult a qualified medical professional for proper dosages.

HOW TO MANAGE CALORIE INTAKE

An interesting facet of nutrition strategy is how to modify when injured. Other 

than the obvious change of potentially switching from 10+ hours per week of rigor-

ous exercise to be being bed-ridden in some cases, there are some metabolic changes 

that happen, and with supplementation and proper strategy, there may a chance to 

enhance healing. I will examine macronutrients, both in relation to their roles in the 

body as well as what may change while recovering from an injury. Foremost is pro-

tein, found mostly in animal products. Unquestionably, vegetable sources of protein 

exist with beans and nuts being relatively high in protein per serving and some grains 

containing at least a modicum of protein; however, these are by and large not well 

metabolized, as seen in previous chapters regarding veganism. That makes it fairly 

difficult to reach an athletes’ protein requirement on a daily basis. This is significant 

because adequate dietary protein is absolutely necessary for optimal injury recovery. 

It is also well-established that more protein than might be needed by sedentary indi-

viduals is required during injury recovery from surgery.3 

Protein
Protein intakes ranging from 0.7 g/lb (1.5 g/kg) all the way up to 0.8 to 1.0 g/lb 

(2  to 2.2 g/kg) may be required in cases of complete immobilization to optimize 

recovery from injury.4 The amalgamation of new tissue requires that the body have 

more building blocks and enzymes extant than what is required for the athlete 

to normally maintain their current muscle mass, so more protein (and, therefore, 

calories) is necessary. It is worth stating, however, that this is much easier than the 

typical athlete would think. Many of us, nutrition professionals included, are inher-

ently very poor at estimating portion sizes in that we vastly underestimate in general. 

Oftentimes, athletes consume almost twice as much protein as would be necessary to 

just maintain muscle mass.5
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Free amino acid (FAA) levels also need to be kept high throughout the day. 

The extracellular concentration of essential amino acids, or the FAA pool—along 

with other transcription factors—determines the growth rate of skeletal muscle. 

Maximum protein anabolism happens when FAA levels are elevated throughout the 

day.6-8

Maximum anti-catabolism is the salient point here. When skeletal muscle is in an 

anabolic state, the cellular apparatus does everything in its power to cultivate new 

muscle tissue, which includes the prevention of proteolysis—the breakdown of mus-

cle tissue. Protein oxidation elevates during a resistance training workout, so high 

FAA levels prevent muscle breakdown except during that type of exercise. Regardless 

of FAA levels, muscles do not integrate new protein into the cell. Muscle growth 

occurs before and after resistance training, but not during. Keeping FAA levels high 

during the workout blunts proteolysis, preventing muscle degradation.9 Along with 

keeping FAA levels elevated, skeletal muscle also needs signals that tell them how 

much or how little of those FAAs to incorporate into the cell. Insulin is the primary 

hormone signal that causes positive incorporation into muscle cells. One of the essen-

tial amino acids, leucine, is a positive signal as well. Myostatin does the opposite by 

causing muscle breakdown. All of the essential amino acids and several nonessential 

amino acids (other than leucine) do not stimulate protein deposit and retention 

beyond normal.6 Leucine, however, acts independently to speed muscle growth. The 

mechanism of action is beyond the scope of this text because of the complicated steps 

and understanding of specific pathways, but it is of paramount importance to know 

the role that leucine plays in muscle growth and retention.

Insulin is relatively easy to stimulate, either from a carb bolus (about 30 g of 

fast-acting carbs) or a large protein portion (about 25 g of whey for example), but 

downregulating myostatin is difficult and may only be done by resistance training, 

and mostly in men at that. It is possible that creatine decreases myostatin levels, 

which may explain the accelerated rates of muscle growth when supplementing with 

creatine monohydrate, explained better in the chapter on the supplement. 

It would be difficult to underestimate the importance of protein in an athlete’s diet 

in general, but that point is underscored when an athlete is injured. The body changes 

down to the cellular level must be clarified and well understood by practitioners in 

order to be able to properly prescribe the ideal diet modifications that would help 

optimize recovery.

Fats 
Dietary fats, an often underappreciated macronutrient, is responsible for the cre-

ation of hormones, transport of fat soluble vitamins, and a host of other processes 

in the body, especially during an injury. The term for fats while floating around in 

the bloodstream is triglycerides (3 fatty acids bound to a single glycerol molecule). 

Triglycerides are found in most protein-containing foods and animal products, but 

foods such as fruits and vegetables have basically none. Not unlike carbs, one of their 

primary roles is to provide energy to the body, although they are also involved in cell 

membrane structure and cell signaling. Consuming sufficient amounts of dietary fat 
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is critical both in a general sense, but particularly when recovering from an injury. 

That should certainly not be seen as giving free reign to eat as much fat as possible, 

as foods such as nuts are incredibly easy to overeat and contain a very high amount 

of fat per serving. 

As important as consuming sufficient dietary fat is, consuming the right type of 

dietary fats may be equally as important. The 3 primary classes are monounsaturated 

fats, polyunsaturated fats, and saturated fats. Monounsaturated fats are liquid at 

room temperature and constitute the majority of fat in most fat-containing foods, but 

they are most commonly associated with vegetable oils such as olive oil. 

The polyunsaturated fats are also liquid at room temperature and can be separated 

into the omega-6 and omega-3 fatty acids. Omega-6 fatty acids are found in many 

foods, predominantly vegetable oils, chicken skins, and nuts. They are often found in 

excess in the modern American diet compared to omega-3s. 

Saturated fats are solid at room temperature and are predominantly found in ani-

mal products, except for coconut oil. Dietary fat intake should likely be at moderate 

to higher levels due to a decreased need for carbs from lack of activity. 

Being that fat is necessary for hormone creation, transport of nutrients, metabo-

lizing fat-soluble vitamins, energy, and a host of other important functions required 

for healing, fat intake must not be ignored. On the other end of the spectrum, carbs 

are not necessary for energy requirements if the athlete is not exercising. Many 

carb-containing foods are hyperpalatable, less satiating, and, therefore, easier to 

overeat.10 For those reasons, it is much easier and reasonable to shift to a higher fat/

protein, lower carb diet while recovering from injury in order to prevent fat gain and 

optimize injury recovery. 

Carbohydrates 
Carbs are classified into simple and complex molecules. Simple carbs are mono-

saccharides and disaccharides. Those terms define how many carbon atoms they 

contain. Monosaccharides, therefore, have one carbon atom and disaccharides have 

two carbon atoms. They cannot be further hydrolyzed into simpler molecules and, 

for that reason, get broken down to either be stored as muscle glycogen or liver gly-

cogen, used as energy, or converted into part of a triglyceride molecules to be stored 

into fat cells. Examples of monosaccharides are glucose, galactose, and fructose. 

Disaccharides are sucrose (glucose and fructose), lactose (galactose and glucose), and 

maltose (2 glucose bonds).

Complex carbs such as oligosaccharides or polysaccharides are ambiguously 

named by government nutrition professionals because foods that contain complex 

carbs typically also have indigestible fiber as well; however, they are more accurately 

named due to the number of sugar atoms in them. Oligosaccharides are molecules 

with 3 to 10 sugar atoms such as maltodextrin or corn syrup. Polysaccharides are 

longer chains of 10+ sugar atoms such as glycogen. 
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Simple and complex carbs also loosely correlate with the glycemic index. The gly-

cemic index is a number associated with a particular food that indicates the food’s 

effect on a person’s blood sugar level. A value of 100 represents the foods that are an 

equivalent amount of pure glucose.10

While the glycemic index represents the total rise in a person’s blood sugar level 

following consumption of the food, it may or may not represent the rapidity of the 

rise in blood sugar. The specific rise of blood sugar can be influenced by a host of 

other influences, such as the quantity of fat or protein eaten with the food. The gas-

troenterologist is useful for understanding how the body breaks down carbs10 and 

only takes into account the available carbs in a food. The indigestible fiber that is 

in complex carbs travels all the way through to the large intestine where it gets fer-

mented into short-chain fatty acids,11 and thus has no effect on blood sugar. 

Though the accuracy of the glycemic index is precise, it is largely irrelevant to 

humans because we typically do not eat singular foods in isolation. For instance, a 

mixed meal of a hamburger and fries may have a white bun and fries that are high 

on the glycemic index, but also contains beef that is high in fat and protein, both of 

which blunt the effect on a person’s blood sugar, causing the overall glycemic index 

of the meal a moot point.

Starches like pasta, breads, rice, fruits, and many vegetables make up the major-

ity of carb-heavy foods. Primarily, dietary carbs provide energy to the body, but the 

hormonal response to eating carbs creates an anabolic (tissue building) state in the 

body, which is critical for rebuilding and laying down new tissue, caused by the con-

comitant rise in insulin as a response. This response can be very beneficial when used 

sparingly to “challenge the system” and reset certain hormonal milieu such as that 

of leptin and ghrelin.12 It can also be very detrimental if used multiple times per day 

like the typical American diet because excess energy gets converted to fat, and excess 

glucose in the blood stream will strain the pancreas.

Fruit and vegetables contain many nutrients that benefit overall health in general. 

Green vegetables like broccoli, green beans, or lettuce should ideally be part of every 

meal with good sources of animal protein such as grass-fed red meat or pork, with 

limited if any starchy carbs. Once the remodeling stage of recovery is well under way 

and the athlete is able to exercise (use excess glycogen stores), then increasing carb 

intake proportionate to activity is prudent.

Micronutrients 
Micronutrients are described as vitamins and minerals, named because only small 

quantities are needed for survival. In addition to their other roles in the body, many 

are important in injury recovery. The majority of micronutrients have a recom-

mended daily allowance, and ingesting more than that is at best not beneficial, and 

at worst dangerous.
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Specific micronutrients that are critically involved in tissue repair are vitamin 

A, B vitamins, vitamin C, zinc, copper, and manganese, and deficiencies of these 

nutrients tends to be fairly rare, except in special cases like runners who eliminate 

red meat and end up sweating out zinc, thus becoming zinc-deficient. While all of 

these are involved in general injury healing, bone has additional nutrients including 

calcium, vitamin D, vitamin K, magnesium, silicon, and possibly boron, and all of 

these are often deficient in the modern diet. 

CONCLUSION

It is important to eat more anti-inflammatory foods, reduce carbs, and potentially 

complement with certain supplements that may help recover faster. Eating healthy 

fats such as those from avocado, olive oil, mixed nuts and seeds, and fatty fish as well 

as ensuring a side of green vegetables is a reasonable basic recommendation to give 

athletes. Foods to avoid would be those that would increase excessive inflammation 

such as vegetable oils, trans fats (except for conjugated linoleic acid found in red 

meat), and excessive saturated fats, especially if still eating a lot of carbs.

Athletes need to eat enough when training and recovering. When you are injured 

and recovering, you should eat less than you did when you were training hard but 

more than you would if you were completely sedentary. There is a fine line and trial 

and error may take some getting used to for each individual.

At the 10,000 food view, practitioners may need to give only very basic recom-

mendations to start out, depending on the individual needs of the athlete. Eating at 

least 1 g of protein per pound of lean body mass, balance dietary fats (and get more 

omega-3s than omega-6s), and eating a lot of vegetables with occasional fruit is a 

good starting point. Beyond that, many factors come into play and must be consid-

ered. Gender, type of athlete, food allergies or intolerances, preferences, and schedule 

all will shape the way an athlete can optimize his or her recovery.
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DEFINITIONS

Interstitial: The space in between cells and structures

Inflammatory cytokines: A type of signaling molecule that is excreted from 

immune cells like helper T-cells and macrophages, and certain other cell types that 

promote inflammation

Hyperpalatable: Non-nutritious food (ie, sugar, additives) that have artificially 

elevated flavors and suppress hypothalamic pituitary adrenal axis activity, impacting 

cortisol levels negatively
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At some point during a practitioner’s career, an athlete is going to inevi-
tably ask, “When should I eat?” and “Is there an anabolic window after 
I work out to eat carbs? Protein?” 

When athletes are attempting to make major physiological body changes 
such as increasing muscle mass, decreasing body fat, or improving energy, 
they tend to micromanage their own eating habits to get even a small 
edge over the next person. It is the job of the practitioner to understand 
which questions are worth answering and which are minutia that are not 
worth the athlete’s time or effort.
The most important concept practitioners need to know is that of what 
the goal of the athlete is. To that end, does nutrient timing mat-
ter for performance, body composition, health, or muscle hypertrophy? 
Furthermore, the term nutrient timing often gets thrown around with-
out a singular definition. For our purposes, it will be defined as eating 
specific nutrients at specific times in order to further a specific goal.
Understanding the term nutrient timing is paramount to learning the 
concepts around it. Two major components of nutrient timing have come 
to the forefront of the subject and will be discussed here. Recent research 
concerning the diurnal rhythm of certain hormones like cortisol, insulin sen-
sitivity, adiponectin, and growth hormone have elucidated whether shifting 
calorie consumption (or even carbohydrate consumption) toward the later 
part of the day could be of benefit from a health standpoint. This research 
has dovetailed toward whether there is a “window” of opportunity to eat 
as it correlates with timing of resistance training exercise. 
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Nutrient Timing

KEY TAKEAWAYS

 ✴ Nutrient timing is a complex subject that is widely debated, so practitioners 

would do well to understand the context on an individual basis.

 ✴ The majority of nutritional intervention studies are not comparing what subjects 

ate, but what they tell the investigators they ate.

 ✴ While total caloric load may be beneficial to shift toward the evening hours, it 

may be that it is more of a correlation and not necessarily the caloric load that 

makes a difference.

 ✴ There are a large number of parameters that can be measured to quantify the 

effectiveness of a certain diet plan that focuses on body fat reduction.

 ✴ Recommendations for eating on competition days differ between athletes 

depending on what energy system they primarily use during activity.

WILL SHIFTING CALORIE INTAKE TOWARD THE 
LATER PART OF THE DAY IMPROVE BODY 

COMPOSITION PARAMETERS?
Recent research has brought about several different diet strategies that employ 

an approach that shifts carbohydrates, calories, or both toward the later part of the 
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day, with varying degrees of results and efficacy. Many studies have been able to 

link energy regulation to the circadian rhythm in humans at the physiological and 

molecular levels,1-4 emphasizing that the timing of food intake itself may play a 

significant role in weight regulation. Typical mixed meal weight loss protocols tend 

to fail long term because with food restriction come eating binges and emotional 

and cognitive disorders.5-8 What practitioners need to figure out is the best way to 

feed obese people a hypocaloric diet where they are satiated, are compliant, and feel 

confident that they can stick to the regimen in order to facilitate long-term success. 

An effective weight loss program is centered on modifications of diet, behavior, 

and physical activity, with the goal of promoting the loss of excess body fat and 

maintaining the appropriate amount of lean body mass that is necessary for optimal 

health and athletic performance.9 Although restriction of caloric load is an effective 

means for reducing body weight, the role of specific dietary factors in maximizing 

the proportion of fat loss and minimizing the loss of muscle mass is less clear. Certain 

aspects of eating behavior, such as the time of day those meals are ingested, may have 

important consequences for weight control.

One hormone of many that is affected by eating behavior is leptin. Leptin has been 

described as the “information provider” of adipose tissue status to receptors in the 

brain. In short term, it contributes to regulation of hunger, satiety, and food intake1-3 

along with other hormones such as adiponectin, ghrelin, and cortisol. Previous stud-

ies have described a typical diurnal pattern of leptin secretion that falls during the 

day from 0800 to 1600 hours, reaching its lowest point at 1300 hours and increases 

from 1600 with a zenith at 0100 hours.4,5 This hormone responsible for satiety is at 

its highest levels when individuals are sleeping. 

Adiponectin is considered to be “the link between obesity, insulin resistance, and 

the metabolic syndrome.”10 Adiponectin plays a role in energy regulation as well as 

in lipid and carb metabolism, reducing serum glucose and lipids, improving insulin 

sensitivity, and having an anti-inflammatory effect by regulating inflammatory 

cytokines.11 Adiponectin’s diurnal secretion pattern has been described in obese 

individuals (particularly with abdominal obesity), as low throughout the day. In nor-

mal weight subjects or overweight subjects following weight loss, a general increase in 

adiponectin concentrations is detected as well as a rise in the diurnal pattern during 

the daytime.12,13 Ghrelin also has a diurnal secretion, peaking about 2 hours after 

waking, while insulin level (in healthy humans) is related to exogenous carb and 

protein intake.12,13

Adipose tissue, one of the energy storage sites of the body, is an endocrine organ 

that synthesizes and secretes a variety of adipocytokines. This includes hormones 

that regulate hunger and satiety as well as those associated with the development 

of insulin resistance; metabolic syndrome; and inflammation such as adiponectin, 

leptin, ghrelin, and insulin.14 

We will examine the findings in studies comparing different meal time regimens 

with the goal of fat loss, and how the diurnal secretion of hormones related to cir-

cadian rhythm are related to that meal timing in order to better understand how to 

formulate a quality fat loss diet for an overweight population attempting to improve 

health. Studies regarding athletes specifically are very limited and practitioners must 

have the ability to extrapolate information in order to assess athletes properly.
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Review of Current Data
Different meal timing scenarios may affect fat loss outcomes in obese individu-

als. Results showing specific positive outcomes could enhance practitioners’ abilities 

to formulate weight loss diets that would be easier to comply with in comparison to 

regular calorie-restricted protocols that have shown poor results.7,8

Meal timing and circadian rhythm hormones are applicable subject matter while 

probing for studies that meet appropriate criteria to display nutrient timing, with 

adult subjects having a body mass index of 30 or greater, eating at least 70% of their 

daily caloric load either in the morning hours or evening hours, with at least one 

other group doing the opposite and/or a control (Table 8-1).

Multiple studies with compelling data show differences in various health param-

eters; however, most of them were very short term and the results cannot be seen as 

final unless they can be replicated.15

Sofer et al16 studied Israeli soldiers that had a control group and an experimen-

tal group. Both groups ate the same caloric load, but the experimental group ate 

the majority of their carbs and calories after 5 pm. The results showed that plasma 

adiponectin and leptin both increased in the experimental group that ate most of 

their carbs and calories at night.13 The experimental group lost 1.75% more body fat 

on average compared to the control group (6.98% vs 5.13%). Previous studies with 

different diets reported that during weight loss, leptin concentrations decreased, 

satiety levels were reduced, food intake renewed, and a slow regain of body weight 

occurred,17-19 but at the end of this study, the experimental diet group had a higher 

hunger satiety score (H-SSc) in comparison to baseline, meaning the experimental 

group felt more satiated than the control group.

Keim et al20 studied 2 groups. In this experiment, participants alternated between 

two 6-week phases of the same diet, of which 70% of the daily caloric intake was eaten 

in the morning or evening, respectively. They found that their morning eating group 

lost more weight than the evening eating group.20 Larger morning meals caused 

greater weight loss compared to evening meals, but the extra weight lost was in the 

form of muscle mass, an interesting statistic for practitioners as athletes who are 

looking to decrease overall body fat are very protective of holding on to muscle mass. 

Overall, the larger evening meals preserved muscle mass better (.25 kg vs 1.28 kg) 

and resulted in a greater loss in body fat percentage (2.52% vs 1.83%) by about 38% 

more compared to the morning eating group over a 6-week period, measured via 

bio-electrical impedance. 

In the very first calorie-controlled study on meal timing from 1987 by Sensi and 

Capani, it was found that weight loss did not differ when participants ate their entire 

daily calorie intake in the morning (10 am), evening (6 pm), or spread out evenly 

through 3 meals.21 The study lasted 15 days, and over 60% of total weight lost was 

from water weight. Methods of measuring body and body fat were not mentioned. 

Lipid oxidation was consistently higher in the PM-group, but there were no differ-

ences in cortisol levels, blood pressure, or resting energy expenditure between the 

groups. 



128  Chapter 8

TA
BL

E 8
-1

SU
M
M
AR

Y O
F R

ES
EA

RC
H R

EG
AR

DI
NG

 S
HI

FT
IN

G O
F C

AL
OR

IE
 IN

TA
KE
 T

OW
AR

D N
IG

HT
TI
M
E

AU
TH
O
R 

AN
D
 Y
EA
R

ST
U
D
Y 

D
ES
IG
N

FI
N
AL
 

N
SE
X
M
ET
H
O
D
 F
O
R 

CO
N
TR
O
LL
IN
G
 IN
TA
KE

AG
E 
G
RO
U
P 

(Y
EA
RS
)

FA
CT
O
RS
 

AD
JU
ST
ED

LE
N
G
TH

Sc
hl
un
dt
 e
t a
l, 

19
92
23

Ex
pe
rim
en
ta
l 

st
ud
y

45
F

Sa
m
pl
e 
m
en
u 
pr
og
ra
m
, 

di
et
 jo
ur
na
l

18
 to
 5
5

BM
I >
 30

12
 w
ee
ks

So
fe
r e
t a
l, 

20
11
16

Ex
pe
rim
en
ta
l 

st
ud
y

78
B

M
et
ab
ol
ic
 w
ar
d

25
 to
 5
5

BM
I >
 30

6 
m
on
th
s

Ke
im
 e
t a
l, 

19
97
20

Cr
os
so
ve
r 

st
ud
y

10
F

M
et
ab
ol
ic
 w
ar
d

23
 to
 3
9

Pr
em
en
op
au
sa
l, 

re
gu
la
r p
er
io
ds
, 

BM
I >
 30

10
5 
da
ys

Se
ns
i &
 

Ca
pa
ni
, 1
98
72
1
Ex
pe
rim
en
ta
l 

st
ud
y

15
B

M
et
ab
ol
ic
 w
ar
d

26
 to
 3
1

14
0%
 id
ea
l b
od
y 

w
ei
gh
t+

18
 d
ay
s

N
on
in
o-

Bo
rg
es
 e
t a
l, 

20
07
22

Ex
pe
rim
en
ta
l 

st
ud
y

12
F

M
et
ab
ol
ic
 w
ar
d

18
 to
 5
5

BM
I >
 4
0,
 n
o 

m
ed
ic
at
io
ns

18
 d
ay
s

(c
on
tin
ue
d)



Nutrient Timing  129

TA
BL

E 8
-1

 (C
O

N
TI

N
U

ED
)

SU
M
M
AR

Y O
F R

ES
EA

RC
H R

EG
AR

DI
NG

 S
HI

FT
IN

G O
F C

AL
OR

IE
 IN

TA
KE
 T

OW
AR

D N
IG

HT
TI
M
E

W
EI
G
H
T 
LO
SS
 

O
U
TC
O
M
ES

FA
T 
LO
SS
 O
U
TC
O
M
ES

O
TH
ER
 R
EL
AT
ED
 O
U
TC
O
M
ES

N
on
-b
re
ak
fa
st
 g
ro
up
 lo
st
 

m
or
e 
w
ei
gh
t c
om
pa
re
d 
to
 

br
ea
kf
as
t g
ro
up
 (8
.9
 k
g 
vs
 

6.
2 
kg
)

Si
m
ila
r b
et
w
ee
n 
gr
ou
ps

Re
st
in
g 
m
et
ab
ol
ic
 ra
te
 d
ec
re
as
ed
 b
y 
6%
 in
 b
ot
h 
gr
ou
ps
, s
ub
je
ct
s 

w
ho
 n
or
m
al
ly
 a
te
 b
re
ak
fa
st
 a
nd
 w
er
e 
in
 th
e 
no
n-
br
ea
kf
as
t g
ro
up
 

w
er
e 
le
ss
 c
om
pl
ia
nt
 (8
1%
 v
s 
60
%
 a
t 6
 m
on
th
s)

11
.6
 k
g 
in
 e
xp
er
im
en
ta
l 

gr
ou
p,
 9
.0
6 
kg
 in
 c
on
tro
l 

gr
ou
p

6.
98
%
 in
 e
xp
er
im
en
ta
l 

gr
ou
p,
 5
.13
%
 in
 c
on
tro
l 

gr
ou
p

In
cr
ea
se
d 
ad
ip
on
ec
tin
 (1
43
.5
%
 o
f b
as
el
in
e 
vs
 1
13
.9
%
), 
hi
gh
-d
en
sit
y 

lip
op
ro
te
in
 (1
14
 m
m
ol
/L
 --
>
 1
40
 m
m
ol
/L
 v
s 
11
0 
m
m
ol
/L
 --
>
 1
26
 

m
m
ol
/L
), 
H
-S
Sc
 (1
28
%
 o
f b
as
el
in
e 
vs
 9
3.
4%
) i
n 
ex
pe
rim
en
ta
l g
ro
up
. 

La
rg
er
 d
ro
p 
in
 b
lo
od
 g
lu
co
se
 (5
.1 
m
m
ol
/L
 --
>
 4
.71
 m
m
ol
/L
 v
s 
4.
85
 

-->
 4
.7
7)
, C
-re
ac
tiv
e 
pr
ot
ei
n 
(8
.2
 m
g/
l -
->
 3
.9
 m
g/
l v
s 
3.
4 
-->
 2
.2
), 

le
pt
in
 (6
8%
 o
f b
as
el
in
e 
vs
 1
22
%
 in
 c
on
tro
l) 
an
d 
sm
al
le
r r
ed
uc
tio
n 

in
 1
2-
ho
ur
 le
pt
in
 c
on
ce
nt
ra
tio
n 
(7
9.4
%
 o
f b
as
el
in
e 
vs
 7
3.
8%
) i
n 

ex
pe
rim
en
ta
l g
ro
up
. 

AM
-c
en
te
re
d 
ea
tin
g 
gr
ou
p 

lo
st
 m
or
e 
w
ei
gh
t c
om
pa
re
d 

to
 P
M
-c
en
te
re
d 
ea
tin
g 

gr
ou
p 
(3
.9
 k
g 
vs
 3
.2
7 
kg
)

PM
 e
at
in
g 
gr
ou
p 
lo
st
 

m
or
e 
fa
t c
om
pa
re
d 
to
 

AM
-c
en
te
re
d 
ea
tin
g 

gr
ou
p 
(2
.5
2%
 v
s 
1.8
3%
)

PM
-c
en
te
re
d 
ea
tin
g 
gr
ou
p 
lo
st
 le
ss
 fa
t-f
re
e 
m
as
s 
co
m
pa
re
d 
to
 

AM
-c
en
te
re
d 
ea
tin
g 
gr
ou
p 
(.2
5 
kg
 v
s 
1.2
8 
kg
)

St
at
ist
ic
al
ly
 in
sig
ni
fic
an
t

N
ot
 li
st
ed

Li
pi
d 
ox
id
at
io
n 
hi
gh
er
 in
 P
M
 e
at
in
g 
gr
ou
p 
(e
xa
ct
 n
um
be
rs
 n
ot
 

gi
ve
n)

Si
m
ila
r b
et
w
ee
n 
gr
ou
ps

Si
m
ila
r b
et
w
ee
n 
gr
ou
ps

U
nc
ha
ng
ed
 s
al
iv
ar
y 
co
rt
iso
l l
ev
el
s



130  Chapter 8

Using almost the exact same setup as the aforementioned study by Sensi and 

Capani in 1987,21 it was found that splitting the daily calorie intake evenly into 5 

meals consumed every other hour between 9 am and 8 pm, eating all calories in the 

morning (9 to 11 am), or in the evening (6 to 8 pm) did not affect weight loss via 

bio-electrical impedance, metabolic rate via indirect calorimetric measurement, or 

serum cortisol over the course of three 5-day periods.22

Schlundt et al23 considered a 12-week study where participants were either consis-

tent breakfast eaters or non-breakfast eaters, who were assigned a breakfast or non-

breakfast diet (one-half of the breakfast eaters were in the breakfast eating group, and 

the other half were in a non-breakfast eating group; the same applied for those who 

were non-breakfast eaters). Caloric load was identical, but the breakfast group ate a 

breakfast meal in addition to 2 other meals, while the non-breakfast group shifted 

their calories to only 2 later meals. The non-breakfast eaters who continued without 

breakfast lost the least amount of weight (6.6 kg), while the breakfast eater group 

that was in the non-breakfast group lost the most weight (8.8 kg).23 Both groups lost 

similar amounts of weight and body fat, but the non-breakfast groups showed better 

compliance rates at the follow-up 6 months later (81% vs 60%).

Data Extrapolation
Though the data show that the difference between morning and evening eating 

was not a large one, it was interesting that Sofer et al16 showed statistically significant 

changes in leptin, adiponectin, ghrelin, and insulin sensitivity when humans shift 

calorie intake. Also of note is that Sofer et al16 was the only study that specifically 

portioned carbs until nighttime in their experimental group. 

Cortisol may not be affected by chronobiology as evidenced by Nonino-Borges et 

al22 and Sensi and Capani,21 but it is difficult to make that conclusion based on the 

study duration that only lasted 5 days and 18 days, respectively. It is plausible that 

cortisol is more affected by stress and sleep habits. The diurnal secretion of cortisol 

and the metabolic environment created by it at certain times of the day imply that 

there are more favorable patterns for eating calories and carbs throughout the day. It 

is difficult to elucidate those patterns due to the inconsistency of hormone recording 

in different studies. Accuracy, consistency, and thoroughness will help show more 

defining results in future studies.

Specific inclusion criteria for nutrient timing studies to ensure study data accu-

racy were adhered to because, oftentimes, nutritional intervention studies are not 

comparing what subjects ate, but what they tell the investigators they ate. That can 

lead to poor data and confusing results. Most studies used bio-electrical impedance 

to determine body fat analysis, but weight, waist size, and blood testing occurred as 

well with fewer margins for error. Some studies also used surveys from subjects to 

determine satiety and compliance, emphasizing the importance of those aspects of 

weight loss. This is important because of the variation of widespread practices and 

advice given to obese individuals in order to improve body composition. A further 

look into what we know about these hormones, circadian rhythm, and possible 

mechanisms may elucidate a more consistent and reliable way to reduce body fat 

rather than current practices that are difficult to comply to or have poor results.7,8 
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Schlundt et al23 discovered that baseline breakfast skippers who were put on a 

breakfast diet got more favorable results than those who continued the breakfast-

skipping pattern. In other words, going from skipping breakfast to eating breakfast 

showed a positive correlation for body weight control compared to those who skipped 

breakfast the entire time. This was an odd result because most favorable results in 

the study were with breakfast skipping amongst the “controlled” eaters (habitual 

breakfast eaters). The implication of these seemingly inconsistent findings might be 

related to other issues such as impulse control. Dysregulated eating habits, such as 

skipping breakfast when normally eating it, tends to go right along with uninhibited 

and impulsive eating.24 Eating breakfast might therefore be of benefit for those with 

poor self-control in order to control ghrelin and leptin levels better.

The most interesting aspect of the Schlundt study23 was that the breakfast eating 

groups showed a slight increase in depression-induced eating, whereas the subjects 

in the non-breakfast group showed a slight decrease. Furthermore, subjects in the 

breakfast group saw the diet as more restrictive than the non-breakfast group accord-

ing to surveys within the study. Perhaps it was these favorable effects on their social 

life that also resulted in the non-breakfast groups showing superior compliance rates 

at follow-up 6 months later (81% vs 60%).

While Keim et al20 did show superior lean tissue preservation in the nighttime 

eating group, the study was very limited as it was only 10 females and body fat was 

measured via total body electrical conductivity, which may not be very accurate, but 

becomes less accurate because the subjects were exercising at least 3 times per week 

and hydration levels can skew those results if measurements were taken at differ-

ing times with regard to exercise. Being hydrated or exercise-induced sweating may 

make those measurements inaccurate.25 Given that the nighttime group consumed a 

greater percentage of their calorie intake post-workout, this study might simply show 

the benefits of nutrient timing, and not bigger PM meals. It is plausible that a similar 

study that eliminated exercise as a confounder and had a much larger sample size 

would have produced more persuasive results.

The most compelling data from Sofer et al16 showed improvement in body compo-

sition parameters as well as blood lipids, waist circumference, 12-hour leptin levels, 

and H-SSc. These data show that, while total caloric load may be beneficial to shift 

toward the evening hours, it may be that it is more of a correlation and not necessarily 

the caloric load that made a difference. Several outcomes of the data sets are shown 

in Figure 8-1.

Future research investigations would lead toward carb restriction early in the day 

to distinguish between caloric load and insulin secretion as possible factors that led 

to the results in this study. In addition to the increase in body fat loss, the experi-

mental group had much better satiety levels based on the H-SSc. This could be one 

of the more important results, being that satiety can be one of the biggest hurdles to 

overcome for an obese individual looking to lose body fat.

The same study also showed a much higher concentration of adiponectin the 

experimental group (that ate carbs only at night) compared to the control group. 

When insulin is low, adiponectin is high, but adiponectin also follows a diurnal pat-

tern: low during nighttime, high during daytime (in normal weight individuals). In 
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the obese, chronically high insulin causing chronically low adiponectin is a problem 

as it increases insulin resistance and inflammation.10-13 By omitting carbs during the 

earlier part of the day, the researchers hypothesized that this would increase adipo-

nectin and improve health markers more than the conventional diet.

As predicted, the big carb-rich dinner was able to alter leptin and adiponectin in 

a way that might have favored greater fullness and a better hormonal profile. The 

researchers stated, “The experimental diet modified daily leptin and adiponectin 

concentrations compared to those observed at baseline and to a control diet. A simple 

dietary manipulation of carb distribution appears to have additional benefits when 

compared to a conventional weight loss diet in individuals suffering from obesity.”13

The changes in leptin and adiponectin in the Sofer study16 bring up the possibility 

that other hormones with a diurnal secretion related to circadian rhythm may play a 

part in reducing body fat. The body releases ghrelin—the main hunger-control hor-

mone26—in a pulsatile manner through the night with a peak occurring upon wak-

ing.27-29 This spike incites hunger and is why some dieting subjects may not be able 

to adhere to a diet. Ghrelin also stimulates growth hormone release.30,31 As growth 

hormone levels rise, the body releases more fat to be burned as fuel32 and decreases 

the destruction of protein for use as fuel.30 Growth hormone levels peak roughly 2 

hours after waking if not eating earlier in the day.33 Insulin sensitivity is also high-

est in the morning and drops throughout the day. That level will spike with the rise 

in blood sugar, kickstarting a downward spiral of fat burning, possibly hindering fat 

burning for the rest of the day.34 While cortisol levels remain high, the insulin release 

Figure 8-1. Evening eating fat loss mechanisms.
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causes new empty fat cells to be created.35 The insulin also lowers levels of ghrelin 

and growth hormone.27,33 These facts of human physiology imply that creating an 

insulin response during the first part of the day (especially for obese people) may 

inhibit fat loss results.

Summary
There are a large number of parameters that can be measured to quantify the 

effectiveness of a certain diet plan that focuses on body fat reduction. Calorie-

controlled studies looking at the effects of distributing a fixed caloric load differently 

throughout the day are scarce. While short-term studies (15 to 18 days) do not find 

a statistically significant difference between early and late meal patterns, long-term 

studies (> 12 weeks) show that late eating patterns may produce superior results on 

body composition and/or diet adherence. This might be explained by more favorable 

nutrient partitioning after meals due to hormonal modulation. 

The next phase of research may be to hold studies of a minimum of 12 weeks in 

a metabolic ward and record all relevant data for body composition parameters in 

both men and women. No single study compiled enough of all parameters to make 

a compelling conclusion. Shifting total calorie intake toward the evening may only 

have a correlation with preservation of lean tissue, increased satiety, and compliance 

and increased adiponectin levels, and it is paramount to define these mechanisms. 

It is plausible that since insulin and other hormones governed by circadian rhythm 

may play a large part in fat loss and satiety, we are overlooking how meal timing may 

affect those hormones.

When it comes to formulating a proper diet for an athlete based on his or her 

specific goals, practitioners must take all important aspects into consideration. This 

includes what time of day an athlete is eating, what macronutrients he or she is eat-

ing during different parts of the day and in what ratio, and how those habits effect 

performance and results. Individualization is key to learning how to optimize diet 

for health and performance.

IS THERE A POST-EXERCISE 
ANABOLIC WINDOW FOR FOOD?

Some practitioners say the most important aspect of nutrient timing research 

has been something we call the post-workout anabolic window of opportunity. The 

basic idea is that, after exercise, especially within the first 30 to 45 minutes or so, our 

muscles are more likely to uptake nutrients, and also that eating specifically protein 

and carbs is more beneficial before and after physical activity is more important than 

the absolute macronutrient intake for the day.

Recent data suggest that the total amount of protein and carbs you eat during the 

day is more important for body composition and performance than nutrient timing 

strategies.36
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An intense resistance training workout results in the depletion of a significant 

proportion of stored fuels (including glycogen and amino acids) as well as causing 

damage to muscle fibers. Theoretically, consuming the proper ratio of nutrients dur-

ing this time not only initiates the rebuilding of damaged tissue and restoration of 

energy reserves, but it does so in a super compensated fashion that enhances both 

body composition and exercise performance.36

One study even showed that waiting longer than 45 minutes after exercise for a 

meal would significantly diminish the benefits of training.37 With these biological 

details thrusted into athletes’ minds, it became accepted that we should consume a 

fast-digesting protein and carb drink as soon as training ended, or potentially just 

prior to training a well. It became loosely apparent that the faster we could get these 

nutrients into our systems, the better.

Research regarding this impression has been all short term, and many studies 

show conflicting evidence even during a 1-week trial.37 Even with that in mind, it 

is unclear whether any short-term benefit would lead into long-term results. In fact, 

recent longer-term studies, as well as 2 incredibly thorough reviews, indicate that 

the “anabolic window of opportunity” is actually a very open-ended period of time, 

much more so than most scientists used to believe.36,38

Muscle Glycogen Repletion
The question of enhancing muscle protein synthesis by timing protein intake is 

a separate subject than that of replenishing lost muscle glycogen through training, 

which is typically what athletes are more interested in. The theory would be that of 

performing intense physical exercise for extended periods, then replenishing that 

used up glycogen by eating large boluses of carbs in order to allocate energy stores 

for training the following day. This is most commonly known in the athlete world as 

the “pasta dinner.”

The pasta dinner is a common tradition among team sports where the team get 

together the night before a big competition and eat large amounts of carbs, usually 

some type of pasta as the main course, in order to “carb up” for the next day’s event. 

While the camaraderie and team-building aspect of the dinner can be advantageous, 

the food execution could be better.

Pasta is made from semolina flour, which is of course, purified wheat. Since we 

know from Chapter 2 that quick and high insulin spikes are more apt to shuttle 

glycogen into muscle cells to replenish storage than lower and longer insulin spikes, 

that gives us good information about what types of carbs are more beneficial for the 

purposes of restoring muscle glycogen for competition the following day. The ratio of 

how much amylose compared to amylopectin in carbs will help elucidate how quickly 

that food will be digested and what effect it has on insulin levels. Semolina flour is 

higher in amylose, making it a poor choice. It will cause a much lower rise in insu-

lin that lasts a long time, which will upregulate the hormone lipoprotein lipase and 

actually make it more likely that the glucose sits around in the blood stream for long 

periods and becomes more likely to be shuttled into fat cells rather than muscle cells.
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Carbs like rice have a ratio of 20:80 in favor of amylopectin, a carb that will cause 

a concomitant upregulation of hormone-sensitive lipase, a higher and shorter rise in 

insulin, and better replenishment of glycogen stores in muscle.

Carbs that athletes are better off consuming the night before competition are fast 

digesting, simple carbs. Complex carbs can be detrimental in terms of glycogen reple-

tion. Examples of carb sources to include for the “pasta dinner” would be white bread, 

white rice, potatoes, and food sources made with those basic ingredients. This does 

not mean that eating junk food like cotton candy should be recommended. Many 

“sugar”-based candies are made from sucrose. Sucrose is a disaccharide that is com-

posed of 50% glucose and 50% fructose. This fact is particularly important because 

fructose does not follow the same pathway for digestion as glucose and may hinder 

the wanted physiological response. Glucose-based foods should be at the forefront of 

the meal plan if glycogen repletion is the intended goal.

While eating large boluses of carbs the night before a competition and after some 

intense resistance training work is beneficial in terms of glycogen repletion, care 

must be taken to understand what types of carbs are more beneficial than others on a 

relative scale. Athletes are always trying to optimize their biological conditions when 

performing, so practitioners will need to explain this concept on an ongoing basis in 

order to dispel conventional wisdom, which is not correct.

TRAIN TO EAT AND EAT TO TRAIN
It would be impossible to make a blanket statement regarding what to eat dur-

ing practice and competition days for all athletes because all athletes have different 

requirements in terms of energy systems during competitions. One way you can 

easily break down the differences would be sports that are repeat sprint sports that 

utilize glycolysis as the primary energy system, and also have competitions between 

1 to 3 times per week (football, soccer, track sprinters, basketball, hockey, etc) and 

aerobic sports such as cross country, distance track runners, crew, etc. While much 

of the pre-competition recommendations may be similar, the most important differ-

ence between the two are that the repeat sprint sport or strength sport athletes will 

burn through muscle glycogen much faster than the aerobic-based sports. This is due 

to the nature of the intensity of the activity. Repeated sprints utilize the anaerobic lac-

tic, or glycolytic, energy system primarily. This literally means expending glycogen 

as energy. Aerobic-based sports’ primary energy system used is the aerobic system. 

This system does not use one substrate exclusively, but rather bases its energy use on 

what is available. This is yet another reason why the “pasta dinner” for runners is 

especially not a valid way to improve performance during competition, and in many 

ways, can make athletes feel sluggish with low energy the following day.
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RECOMMENDATIONS FOR 
REPEAT SPRINT AND AEROBIC SPORTS

Due to the nature of this type of sport, more care should be taken to understand 

how an athlete feels on certain days. Since muscle glycogen can quickly get depleted 

through intense sprinting or repeated heavy lifting, a good indication of how much 

muscle glycogen an athlete has stored is how well he or she can actually repeat the 

same results from activity. If the athlete can normally perform ten 100-yard sprints 

for a time of 12 seconds, and on a specific day on repetition 5, his or her time is 16 

seconds, you can bet that the muscle glycogen stores have been depleted and the ath-

lete would need to replenish those after exercise.

Based on what we know about insulin and its interaction with certain hormones 

that have a diurnal rhythm, we can still only make limited generalizations because 

of the variation of each athlete, environment, schedule, habits, and sport. Likely, the 

most important concept is that of breakfast and, more specifically, the poor research 

surrounding breakfast and how that research is hindering performance.

Cortisol may be the most important hormone to understand, especially in the 

context of morning eating and morning training. When acting without elevated 

insulin levels and in a normal manner, cortisol triggers the breakdown of triglycer-

ides into free fatty acids (FFAs) for metabolization a process known as lipolysis.39,40 

This takes into account someone who is not constantly stressed, which would cause 

chronically high cortisol levels or even reversed cortisol rhythms (low in the morn-

ing, high at night).

Morning time prior to eating is the one consistent time when insulin levels are 

very low and cortisol is high (assuming one is not diabetic), so cortisol accelerates 

fat burning in the morning if nothing interferes. Interference by triggering insulin 

release (through eating carbs) will not only shut down FFA mobilization at the time, 

but potentially throughout the entire day. This is important not just for athletes 

attempting to reduce body fat, but also for athletes whose main goal is to preserve 

muscle glycogen for training that day.

As we know fairly well now, insulin levels raise with the rise in blood sugar, begin-

ning a decline in proper function: the early-morning release of insulin reduces fat 

burning for the entire rest of the day41; while cortisol levels remain high, the insulin 

release causes new empty fat cells to be created7,21,35,42-47; and the insulin lowers 

levels of ghrelin and growth hormone.26,29,48,49

Some practitioners may cite studies where students have better cognitive ability 

when they eat carbs at breakfast, or any breakfast at all; however, those studies were 

observations, and the students who did skip breakfast had another important vari-

able—they were malnourished.34,50-52 In fact, when kids skip breakfast, they behave 

and perform better cognitively throughout the entire school day.7,21,34,46,47,50,51,53-57

The overriding concept here is that, first thing in the morning, it is beneficial 

both for performance and health standpoints to keep insulin levels low, regardless 

of training schedule. If athletes are struggling during morning training and eating 
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properly in the mornings, then they are not taking care to wake up with restored 

muscle glycogen from the previous night.

From morning on, we can extrapolate from what we know about muscle glyco-

gen and adrenaline into training. Muscle glycogen is more available and muscles 

are more sensitive to adrenaline when insulin levels are low. When insulin levels in 

blood fall, glycogen synthesis in the liver diminishes and enzymes responsible for 

breakdown of glycogen become active. Glycogen breakdown is stimulated not only by 

the absence of insulin, but by the presence of glucagon, which is secreted when blood 

glucose levels fall below the normal range.58 What this means is that pre-exercise 

sugar drinks or carb feedings are detrimental to performance, while at the same 

time very beneficial for recovery after activity is complete. A caveat to this would be 

intense exercise that lasts longer than approximately 2 hours. After that much train-

ing, it may be beneficial to add some fast-digesting carbs and electrolytes to continue 

training. Figure 8-2 gives a very generalized viewpoint for which a practitioner will 

need to individualize for each athlete.

CONCLUSION

Practitioners should hesitate to give blanket or general recommendations to any 

athlete without getting a full history of his or her situation. Though the salient points 

in this chapter apply to a large amount of the population, it is plausible that these 

recommendations will not work in certain circumstances. It has been referenced 

multiple times in this text that individualization is key, and often there will be a lot 

of trial and error when assessing and changing the eating habits of athletes. At the 

minimum, the well-researched facts here should be able to give practitioners a start-

ing point with which to modify when making nutrition recommendations to athletes.

Figure 8-2. General guidelines for optimal glucose and energy control while training.
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DEFINITIONS

Hypocaloric diet: A reduced-calorie meal plan

Adiponectin: A protein that is involved in regulating glucose levels as well as fatty 

acid breakdown

Hunger satiety score: A scoring system designed to quantify the effect different 

foods have on satiety

Bio-electrical impedance: A method for estimating body composition that deter-

mines the electrical impedance, or opposition to the flow of an electric current 

through body tissues, which can then be used to estimate total body water; this esti-

mate can be used to estimate fat-free body mass and, by difference with body weight, 

body fat

Chronobiology: The branch of biology concerned with natural physiological 

rhythms and other cyclical phenomena

Lipolysis: The breakdown of fats and other lipids by hydrolysis to release fatty acids
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It is only a matter of time before a health care practitioner encounters 
an athlete with a special situation. Many physical special situations will 
require an assessment and specific instructions from a qualified physi-
cian and hospital-based Registered Dietitian, but there are several com-
mon physical issues that may come up that occasionally athletes feel 
more comfortable talking to an athletic trainer or therapist about. The 
most common of those ailments are eating disorders, food allergies, and 
diabetes. 

While many of these athletes will already be under direct care for their 
specific ailment, some will not be and may depend on a trusted practi-
tioner who sees them daily or weekly to give them proper advice. Each 
diagnosis discussed in this chapter has a clear physical manifestation, but 
it is important to understand that there is a strong mental component 
as well. 

Even though changing your outlook will not cure diabetes, having diabetes 
can give you a poor outlook on sports and life. It is therefore of para-
mount importance to learn how to empathize with athletes and listen 
to their concerns while also not forcing them into doing something they 
may not understand. The most valuable aspect of these issues is to first 
educate yourself on the various ways to help the athlete, and let them 
choose for themselves what pathway they want to take.
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Special Situations

KEY TAKEAWAYS
 ✴ Incidence of reported food allergies as compared to positive tests for food aller-

gies vary widely.

 ✴ There is an immense difference between a food allergy and a food sensitivity.

 ✴ Resistance training has a positive effect on treating symptoms of type II diabetes. 

 ✴ Treatment of athletes with type I diabetes will differ from that of type II athletes.

 ✴ Lifestyle optimization is the best treatment for either form of diabetes.

FOOD ALLERGIES
Food allergies and sensitivities are becoming more common, not because more 

people get them, but we are now much more aware of the issues that can arise from 

some foods. Roughly 2 children in every classroom now have food allergies, which 

can be serious and potentially life-threatening.

When you do not have the necessary enzymes to digest or process certain foods, 

undigested irritants enter the large intestine and feed the bacteria that live there. 

This forces an overreactive inflammatory response and leads to the allergic reaction. 

This immune response is set from the foods we eat. It is through this progression 

of allowing undigested irritants to enter the large intestine to feed the bad bacteria, 

prompt inflammation, and then overstimulate the immune system that leads to food 
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allergies. These irritants can be anything from undigested carbohydrates, gluten, or 

casein protein.

Even if an athlete has been diagnosed by tests to confirm an allergy or sensitivity, 

or they have ruled out eating certain foods because they are more aware of negative 

reactions to them such as bloating, cramps, rash, hives, or the like, avoiding these 

foods forever is not a practical or enjoyable solution, especially if you travel with a 

team or for business often. A more practical solution would be to create a healthier 

intestinal environment by eating foods that feed the good bacteria in your gut such as 

kimchi, sauerkraut, or kefir. Probiotic (good bacteria) and prebiotics (food for good 

bacteria) supplements can be another avenue as well; however, the variations between 

what strains, quantities, combinations, and even shipping methods can be cumber-

some for an athlete to decipher. 

We know that food intolerances and allergies are largely caused by an overly sensi-

tive immune response, and it has been shown that many factors influence your body’s 

response to the food you eat. Lower rates of allergies are observed in children who 

have pets,1 live on farms,2 drink raw milk,3 use fewer antibiotics,4 are delivered via 

non-caesarean birth,5 and are breastfed rather than bottle-fed.6 In other words, chil-

dren who have greater exposure to bacteria have an easier time dealing with them.7

Over the past decade or so, researchers have been able to show a number of mecha-

nisms that cause allergic reactions to food. The body produces antibodies that leave 

traces we can test to detect potential allergies. You will see immunoglobulin A and 

E (IgA and IgE, respectively), with IgE being the predominant marker used to detect 

an allergy. Doctors can also look at any irregularities by performing a biopsy of the 2 

sections of the digestive tract that connect the stomach to the small intestines. These 

pathways, along with experimenting with different dieting scenarios, can tell us 

whether certain foods actually do trigger allergies in an athlete.

Prior to this, we relied on guesswork and people’s predetermined ideas by giving 

them a questionnaire with simple questions regarding whether they thought they 

had allergies to certain foods, such as “Do you have an allergy to milk? Yes or no?” 

Bloodwork and other current allergy testing are obviously much better. The problem 

is it is very difficult to change someone’s mind without specific evidence. The follow-

ing chart compares common foods that people “think” they are allergic to compared 

to what objective allergy testing tells us they are actually allergic to (Figure 9-1).8-10

The list of actual rates of food allergies among people comes from using a double-

blind, placebo food challenge, and IgE detection procedure (the gold standard for 

detecting food allergies).9,11-17 The disparity between the 2 columns in the picture 

show a clear difference between what people can believe and what is reality, and goes 

to show how powerful the placebo effect can be.

To be fair, if an athlete complains of symptoms consistent with food allergies, 

the practitioner should always investigate to try to find a cause instead of playing 

it off as something the athlete is making up. Other than anaphylactic shock from 

a severe allergy, athletes can have symptoms such as bloating, diarrhea, gas, acne, 
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unexplained rashes, fatigue, unexplained weight gain, and brain fog.18 In many cases, 

athletes have no idea they have an allergy to a certain food until they stop eating it for 

a long enough period and the symptoms of that allergy subside.

Many people in general think they have a good allergy, and a considerable per-

centage of those people do not. With that in mind, it is prudent to err on the side of 

caution and investigate any correlation between foods and allergic reactions to them.

Figure 9-1. Comparison of perceived food 

allergy prevalence vs actual data.
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DIABETES 
by Karl Nadolsky, DO

Introduction and Definition
Diabetes mellitus (DM) is a term describing a broad spectrum of disorders related 

to abnormal glucose (blood sugar) metabolism all sharing the common criteria 

of hyperglycemia (high blood sugar). Historically, “diabetes” refers to an increase 

in urine output, while “mellitus” refers to the “sweet” component of urine in DM 

because of hyperglycemia and ultimately glycosuria. The different types of DM rep-

resent an array of complex pathophysiologic disorders whereby hyperglycemia results 

from impaired or absent insulin secretion, varying degrees of resistance to insulin 

or “insulin resistance” (IR), and involving several other organ systems that work 

together harmoniously when intact.19-21 Physical activity and exercise prescription 

are critical in the care for all patients with DM no matter which type, but appropri-

ate understanding and clinical monitoring are essential for the safety and efficacy of 

implementation.22-24

Normal physiology of carb or glucose metabolism relies on the secretion of insu-

lin, a peptide hormone, from the pancreatic beta cells in response to blood glucose 

levels or dietary consumption of carbs, protein, and even fat. The “first phase” is a 

rapid response of insulin secretion to blood glucose, which is followed by a “second 

phase” if necessary. Blood glucose taken up by GLUT2 transporters in the pan-

creas directly stimulates insulin. There are many complex pathways involved in this 

process, but they are beyond the scope of this chapter. Other specific components 

of receptors, transporters, and nuclear components of pancreatic beta cells play 

important roles and become clinically notable when mutated and underlie some of 

the rare genetic causes of DM, which will be briefly mentioned. Insulin secretion is 

also modulated by several other important sites, including incretin peptide hormone 

secretagogues from the intestine cells, complex hypothalamic control, and nervous 

system (vagal influence). Response to insulin is the ultimate uptake of glucose from 

the blood into muscle and/or fat via GLUT4 translocators. Physiologic response to 

exercise is insulin-independent uptake into muscle cells, which lowers blood glucose 

levels, decreasing insulin secretion and increasing counterregulatory hormones (glu-

cagon and possibly catecholamines, growth hormone, and cortisol) to increase glyco-

genolysis/gluconeogenesis in the liver and lipolysis. With prolonged exercise, glucose 

uptake actually declines while the muscles increase utilization of free fatty acids.19-22

Pathophysiologically, hyperglycemia eventually can result from primary destruc-

tion of pancreatic beta-cells (which is also the “final common denominator”) or a 

complex interplay of dysfunction IR from visceral/hepatic adiposity (obesity), mus-

cular adiposity, dysfunctional neuroendocrine regulation from the hypothalamus, 

abnormal gut microbiome, and paradoxically increased glucose reabsorption from 

the kidneys amongst other pathways. This has been coined the “Egregious Eleven.”20
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Ultimately, the short-term complications of severe hyperglycemia (diabetic 

ketoacidosis, hyperosmolar state) and hypoglycemia along with the long-term com-

plications including atherosclerotic macrovascular disease, microvascular disease 

(leading cause of blindness, kidney disease, etc), and nerve disease are the clinical 

indications for prioritizing comprehensive and holistic treatment of DM.

Classification of Diabetes Mellitus
As previously mentioned, there are different types and etiologies of DM corre-

sponding to different aspects of that “egregious eleven” with the eventual result being 

pancreatic beta-cell failure and hyperglycemia usually at risk of the complications 

noted.

Type I DM (T1DM) is basically a primary pancreatic failure to secrete insulin 

due to autoimmune destruction of the ß-cells. Historically thought of as “juvenile” 

diabetes, it can occur at any age (older adults may develop latent autoimmune diabe-

tes of adulthood) and is influenced by genetics and possibly environmental triggers. 

Insulin replacement therapy is absolutely necessary in these patients while risk of 

hypoglycemia and prevention is of utter importance (Table 9-1).

Type II DM (T2DM) basically develops on a foundation of complex genetic traits, 

obesity leading to IR/metabolic syndrome, and, finally, pancreatic failure with vary-

ing degrees of insulin insufficiency. 

Both T1DM and T2DM are variably progressive and heterogeneous and may also 

be classified based upon their status of autoimmunity and insulin secreting ability.

Other forms of DM include gestational, neonatal, monogenic forms of DM, sec-

ondary DM (trauma, pancreatitis, etc), endocrinopathies, and other rare genetic 

defects or syndromes that are beyond the scope of this chapter.21 

Diagnosis
Screening for diagnosis of diabetes may be conducted by physicians or other com-

ponents of a health care delivery team upon patient presentation with acute symp-

toms of hyperglycemia or via routine screening for those at risk based upon obesity, 

age, and other associated factors. Screening and diagnostic tests include fasting 

plasma glucose, 2-hour plasma glucose following a standardized 75 gm glucose load 

(oral glucose tolerance test), or a hemoglobin A1c (HbA1c measures the glycation 

of red blood cells correlating to average blood glucose over their lifespan generally 

about 3 months). 

Athletic trainers and exercise professionals should be aware of symptoms to feel 

comfortable referring to a higher level of evaluation and care. Classic symptoms of 

hyperglycemia in children and young adults with T1DM include fatigue, weight loss, 

blurred vision, and polyuria and polydipsia (increased urination and thirst/drinking, 

respectively). Those same symptoms can present in those with T2DM if they develop 

significant hyperglycemia before screening leads to diagnosis. Before hyperglycemia 

develops, IR may be considered if acanthosis nigricans is noticed. Acanthosis nigri-

cans appears as velvety dark areas of skin, commonly the neck or axilla. 
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Diagnosis of T1DM now includes 3 stages. Stage 1 is those at risk due to positive 

autoimmunity but have no impaired glucose tolerance or impaired fasting glucose 

(IFG) and remain asymptomatic. Stage 2 criteria includes IFG (100 to 125 mg/dL; 5.6 

to 6.9 mmol/L), 2-hour PG 140 to 199 mg/dL (7.8 to 11 mmol/L), or HbA1c 5.7% to 

6.4% (39 to 47 mmol/mol). Stage 3 would be the classic criteria for diagnosis of DM, in 

the case of T1DM including autoimmunity, clinical symptoms, and glycemic criteria 

of FBG ≥ 126 mg/dL (7 mmol/L), 2-hour PG ≥ 200 mg/dL (11.1 mmol/L) or HbA1c 

≥ 6.5% (48 mmol/mol).

T2DM is similarly diagnosed, but without evidence for autoimmunity. Essentially, 

all adults with clinical obesity (body mass index ≥ 25 kg/m2 or ≥ 23 kg/m2 in Asian 

ethnicities consistent with excess adiposity on exam) should be screened and 

everyone starting at age 45 years. Further monitoring and screening is beyond the 

scope of this chapter but can be reviewed via the American Diabetes Association 

(ADA) Standards of Care or American Association of Clinical Endocrinologists 

(AACE) clinical practice guideline for developing a DM comprehensive care plan 

(Figure 9-2).21-23,25-27

Management 
While lifestyle optimization is the foundation for all patients with DM, for 

patients with T1DM, insulin replacement is the critical therapy needed as deficiency/

absence is obviously the primary defect in their hyperglycemia. Most patients need to 

be treated with either multiple daily injections (MDI) to provide basal insulin (which 

Figure 9-2. Suggested exercise training protocol for people with T1DM.
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basically covers the fasting state) and prandial insulin (to cover meals) or continuous 

subcutaneous insulin infusion (CSII or insulin pump). The basic goal is to keep blood 

glucose near a normal range with minimal fluctuations and, perhaps most impor-

tantly, avoid hypoglycemia. Other endocrine components of glycemic control (like 

glucagon) are dysfunctional in T1DM thus are at a very high risk of hypoglycemia. 

Some patients with T1DM will use a set amount of prandial insulin along with a “cor-

rection factor,” which adds insulin if the blood glucose is higher than the goal going 

into a meal. Most patients with T1DM will utilize carb counting (and some the even 

more complex fat/protein counting) to calculate their bolus insulin needs in addition 

to a correction factor using either MDI or CSII. We are now to the point where one 

insulin pump on the market is coined a “hybrid closed-loop” as it uses a continuous 

glucose monitor with an algorithm to adjust the insulin dosing frequently to keep 

the blood glucose near its goal, which decreases overall hyperglycemia and hypo-

glycemia significantly. Patients with T1DM (and those with T2DM requiring basal/

bolus insulin) need to monitor their glucose levels several times per day either by 

using glucose meters (self-monitoring blood glucose [SMBG] or a continuous glucose 

monitor [CGM]). Knowing these levels help patients and caregivers use the correct 

amount of insulin, eat accordingly, and exercise safely. Glycemic goals for everyone 

are personalized. HbA1c, representing chronic glycemia, should often be under 7%, 

but that goal may be lower for some and higher for others depending on their risk for 

hypoglycemia and other medical factors that influence the long-term microvascular 

and macrovascular outcomes. The ADA recommends pre-meal capillary plasma 

glucose about 80 to 130 mg/dL (4.4 to 7.2 mmol/L) and/or peak postprandial glucose 

< 180 mg/d/L (10 mmol/L). These are also to be personalized based on several patient 

characteristics and minimizing the risk of hypoglycemia while optimizing glucose 

as low as is reasonably safe and stable. Glycemic goals for exercise and sport will be 

discussed later in this chapter. 

For patients with T2DM, lifestyle and weight loss are the critical focus of therapy, 

often adjunctively treated with several classes of medications that work on areas of 

the “egregious eleven.” Glucose goals are similar but have more factors as not all 

patients will be treated with insulin or drugs that increase insulin and thus are at 

much lower risk of hypoglycemia and generally have many other chronic conditions. 

Much of the chronic disease burden is due to obesity-related complications, like 

T2DM itself, metabolic syndrome, obstructive sleep apnea, established atherosclerot-

ic cardiovascular disease, female reproductive disorders or male hypogonadism, liver 

disease, and arthritis to name a few.28 AACE also suggests personalized glycemic 

goals for patients with T2DM, though it leans more aggressively toward “normal” 

levels for younger and otherwise healthier patients, including HbA1c < 6.5%, pre-

meal glucose < 110, and 2-hour post-meal glucose < 140. The types of medications 

used for these patients along with success of obesity treatment and optimization of 

lifestyle therapy may warrant lower personal goals. Knowing a little bit about the 

medications that patients may be taking could be important for athletic trainers to 

know when prescribing exercise (Table 9-2).
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PHYSICAL ACTIVITY AND 
EXERCISE PRESCRIPTION FOR ATHLETICS

Physical activity and exercise prescription for patients with T2DM is of utmost 

importance and arguably even more important in “prediabetes” and/or metabolic 

syndrome for intensive efforts to prevent the progression to overt diabetes. Glycemic 

control improves significantly through physical activity along and when combined 

with nutritional therapy and energy deficiency for weight loss, and it is a very power-

ful interventional tool (and preventive tool). A combination of aerobic and resistance 

training is recommended by all major diabetes-related practice guidelines.22-26 

Independently of insulin, exercise increases the uptake of glucose into muscle via 

GLUT4 transporters and improves insulin sensitivity up to 48 hours. In addition 

to glycemic improvements, aerobic exercise, resistance training, and “non-exercise 

activity” improve nearly all CVD risk factors and improve functional capacity 

along with well-being. Both the AACE clinical practice guideline on developing a 

comprehensive plan for T2DM and ADA standards of care recommend a minimum 

basic prescription of ≥ 150 min/week of at least “moderate-intensity” exercise using 

examples such as brisk walking, water aerobics, recreational play, etc. It is suggested 

to spread that over at least 3 days/week with no more than 2 consecutive days without 

activity. Progressive increasing in intensity and volume improves benefits and it is 

TABLE 9-2

TYPE II DIABETES MELLITUS MEDICATION BASICS
DRUG CLASS EXAMPLE HYPOGLYCEMIA 

RISK*
OTHER RISKS

Biguinides Metformin No Minimal
Sulfonylureas Glimeperide Yes Minimal beyond 

hypoglycemia 
DPP4 inhibitors Sitagliptin No Heart failure
SGLT-2 inhibitors Empagliflozin No Hypovolemia/

acute kidney injury
GLP-1 agonists Liraglutide No Minimal
Thiazolidinedione Pioglitazone No Fluid retention
Α-glucosidase 
inhibitors

Acarbose No Minimal

*Medications may amplify risk of hypoglycemia when combined with insulin or sulfonylureas
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noted that high-intensity interval training at sufficient volumes (> 75 min/week) may 

be sufficient if physically able, and there are data to suggest it may even be better than 

continuous training for improving adiposity and glucose homeostasis. 

Resistance training, incorporating all major muscle groups, is recommended to 

be prescribed 2 to 3 days/week. Achieving the goal of improved glycemic control and 

cardiometabolic improvements with resistance training can be accomplished in a 

variety of ways to be personalized for each patient. Higher volumes and progressive 

weights/intensity are more beneficial than using high weights and low repetitions. 

This could come in the form of nearly daily weight training focusing on one muscle-

movement group and short rest periods (1 to 2 minutes) between sets of pushing to 

(or close to) failure or could be 2 to 3 days of full-body circuit training. Different 

types of free weights vs machines will need to be of careful consideration when pre-

scribing a personalized program for individuals with T2DM.

An important point to emphasize for everyone—but especially patients at risk of 

or with T2DM—physical activity and exercise is beneficial at any amount or type of 

activity. Specific recommendations and goals are less important to split hairs over 

and encouraging the patients to do whatever they enjoy doing with increasing inten-

sity and volume will be extremely beneficial.

For patients with T1DM, cardiometabolic and other long-term benefits are also 

important, but more attention and care must be paid to the acute bouts of exercise 

and monitoring post-exercise due to the heightened risk of hypoglycemia. During 

exercise, muscles utilize the available glucose in the muscle before turning to convert 

the muscular glycogen to glucose. Due to the enzymatic pathways, however, muscular 

glucose cannot prevent hypoglycemia. As noted previously, muscles uptake glucose 

independently of insulin, but glucose is certainly amplified in the presence of insulin. 

Compared to patients with T2DM, there is then an increased risk of hypoglycemia 

as the blood concentration of insulin is most often set and not under control of the 

pancreas, which would decrease secretion if functional. Increased blood flow to sub-

cutaneous fat tissue (site of insulin injections) secondary to exercise may also elevate 

levels of insulin. Fear of hypoglycemia is one of the foremost barriers to initiating 

exercise, thus potentially missing out on the benefits. This problem is beginning to be 

mitigated by the first recently available hybrid-closed loop insulin pump, and prog-

ress will continue as technology gets closer to making “artificial pancreas” pumps 

available to patients. There are also blunted responses of the counter-regulatory 

hormones meant to protect against hypoglycemia in patients with T1DM. Low- to 

moderate-intensity exercise generally results in hypoglycemia during exercise, while 

high-intensity exercises like sprinting, resistance training, or intense sports can lead 

to hyperglycemia during exercise. The hyperglycemia can be moderated by adjusting 

insulin dosing along with a light or moderate warm-up. It is important to note that 

the risk of hyperglycemia during intense exercise and/or with decreased insulin dos-

ing to avoid hypoglycemia puts patients and athletes at an increased risk of ketosis 

with any activity. The risk of hypoglycemia may last up to 24 hours following a bout 

of exercise, putting a priority on monitoring and avoidance of nocturnal hypoglyce-

mia, which can be severe and even fatal.
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Glycemic goals for T1DM before exercise have been recommended to safely pro-

ceed with a lower risk of hypoglycemia in addition to avoiding hyperglycemia with 

slight variations between consensus statements (see Table 9-1).24,29 The ADA sug-

gests a fairly wide range of 90 to 250 mg/dL (5 to 13.9 mmol/L) while an international 

consensus considers a tighter goal range of 126 to 180 mg/dL (7 to 10 mmol/L), but 

both have similar and variable caveats for different individuals as noted in Figure 

9-2. It is recommended to consume, or have available, additional carbs to maintain 

euglycemia during and after activity along with possible reductions in insulin dosing 

(Table 9-3).

Reducing basal insulin doses or basal insulin rates temporarily may be neces-

sary to lessen the potential for delayed and/or nocturnal hypoglycemia along with 

healthy bedtime snacks. Due to the hyperglycemic effects of intense exercise, it has 

been suggested to supplement moderate exercise with sprints or resistance training 

to protect from hypoglycemic events. Some have advised making high-intensity 

anaerobic exercise primary modality in general for patients with T1DM to lower the 

risk of hypoglycemia.29 Frequent blood glucose checks are also required to aid in 

insulin dosing and/or carb supplementation. CGM is very helpful and will continue 

to become a more commonly utilized tool, though there are limitations, especially for 

some intense and/or contact sports. 

TABLE 9-3

SUGGESTED EXERCISE TRAINING PROTOCOL 
FOR PEOPLE WITH TYPE I DIABETES MELLITUS

VARIABLE SUGGESTION
Program duration (months) ≥ 2
Frequency (days/week) ≥ 3
Type of training Strength + HIIT
Session duration (minutes) 60 (35 of strength + 25 of HIIT)
Intensity Vigorous (8 repetitions maximum* 

in strength and ~90% HRmax in HIIT)
Rest between high-intensity stimulus 
and strength exercises (minutes)

1

Total weekly duration (minutes) ≥ 180
Time between glucose measurements 
(minutes)

≤ 20

HIIT: high-intensity interval training; HRmax: maximum heart rate

*Maximum weight that participants could move 8 times with good technique: chest press, leg 
press, lateral pull down, leg extension, shoulder press, leg curl, and abdominal crunch
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Athletes With Type I Diabetes Mellitus
There are not great data to suggest optimal goals for athletic performance, but 

one field study in adolescents suggested a clinically reasonable goal of about 108 to 

144 mg/dL (6 to 8 mmol/L).30

For a patient or athlete in the field of practice or play, significant hyperglycemia, 

blood ketones, or recent episode of severe (“clinically significant”) hypoglycemia 

(blood glucose < 54 mg/dL or 3 mmol/L) would be contraindication to initiating 

exercise or sport.25,29 

Urgent Attention for Hypoglycemia
If an athletic trainer has an athlete experience hypoglycemia (low blood glucose 

of clinical relevance), he or she should be prepared for interventions performed 

according to the ADA recommendations based on expert opinion.25 Symptoms of 

hypoglycemia may include tremor (shaking); heart racing or irregularity sensation 

(palpitations); anxiety; sweating; behavior or mental changes; and potentially seizure, 

coma, and/or death. Athletic trainers and exercise professionals should also be aware 

of signs exhibited by patients/clients with hypoglycemia including excessive sweat-

ing, which seems inappropriate, pallor (turning pale), and behavioral or cognitive 

changes as noted previously.

Pure glucose (15 to 20 gm, usually 3 to 5 glucose or dextrose tablets) is the 

preferred treatment for the conscious individuals with hypoglycemia (≤ 70 mg/dL 

[3.9 mmol/L]), although any form of carb that contains glucose may be used. Similar 

amounts of carbs are available in 4 oz of fruit juice, 5 oz of regular soda, 7 to 8 gum-

mies or similar hard candy, or 1 tbsp of table sugar. High glycemic index sports 

drinks/gels may be a desirable option for athletes and should be on hand. Fifteen 

minutes after treatment, if SMBG +/- CGM shows continued hypoglycemia, the 

treatment should be repeated. Once blood glucose returns to normal, the individual 

should consume a meal or snack to prevent recurrence of hypoglycemia.

Glucagon should be administered if the patient is unable to consume carbs by 

mouth. Athletic trainers should be instructed on the use of glucagon kits, which are 

used to administer 1 mg either subcutaneously, intramuscularly, or intravenously 

once, depending on specific state guidelines concerning ability of athletic trainers to 

perform invasive procedures. This may be repeated every 15 to 20 minutes pending 

glycemic response. 

Situations warranting emergency personnel include hypoglycemia associated with 

change in consciousness, seizure, and/or the need for use of glucagon 
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Conclusion
Physical activity and exercise prescriptions are a cornerstone in the compre-

hensive treatment plans for all individuals with DM. These interventions improve 

glycemic control and overall health. Personalized guidance and monitoring should 

vary by the type of diabetes, age of the patient/client, activity done or preferred, and 

presence of diabetes-related complications.

It remains a challenge for patients/athletes with T1DM to manage their disease 

optimally in order to garner the health benefits and/or optimize their participation 

in sporting events. It is critical for those patients/athletes and athletic trainers or 

exercise professionals to hone their skills in this regard to minimize the potential 

for the perilous complications of hypo- and hyperglycemia. It is important to have 

a basic understanding of the underling endocrinopathies involved with DM along 

with the nutritional needs, glycemic goals/monitoring, and insulin dosing strategies. 

It is also critical to be prepared for assisting with or managing those complications. 

A primary goal should be to personalize treatment and risk mitigation plans for all 

patients/athletes in collaboration with their health care team.
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DEFINITIONS
Immunoglobulin: Any of a class of proteins present in the serum and cells of the 

immune system that function as antibodies

Secretagogues: A substance that promotes secretion

Endocrinopathies: A disease of an endocrine gland; a common medical term for a 

hormone problem

Euglycemia: Normal concentration of glucose in the blood; also called normoglycemia
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Conclusion

As we have seen several times in this text, nutrition research can be controversial, 

unclear, contradicting, manipulative, biased, and expensive. It is precisely those 

reasons that require a very calculated eye when deciphering what is truth, what is 

potential truth, and what is snake oil. What counts more than any other aspect of 

coaching athletes with regard to eating habits is consistency with a practitioners’ 

recommendations. Attempting to source the next fad diet from the internet will only 

serve to obscure facts, conflate arguments toward validity, and confuse our athletes.

Practitioners would do well to take specific steps toward understanding future 

research or claims because good information will come out; the problem is it will 

be surrounded by a cloud of misinformation. First, practitioners should be able to 

identify the argument being made and what its specific claim is, as well as classifying 

what information, behavior, or results you would need to see in order to change your 

belief system based on this specific claim. From there, practitioners should be able 

to analyze the argument for or against a claim. Many aspects should be taken into 

account, such as quality of the research being done. Is it observational? Randomized? 

Large enough sample size? As we saw in the chapter on myths, it is fairly easy to 

manipulate data to seem compelling when really the results show nothing more than 

a very small change that is not statistically significant. The results may also be noth-

ing more than correlation. In Figure 10-1, you can see that any data can be manipu-

lated to show a positive correlation.

Clearly, US spending on science, space, and technology has no legitimate causation 

for increases in suicides by hanging, strangulation, and suffocation, but this chart 

can be manipulated with results to make it seem like they are connected. Obviously, 

this is an egregious example, but it goes to show what some researchers who may be 

desperate for continued funding may be willing to do in order to publish their work.
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Once you have gotten past the surface of a nutrition or health claim, it is time to 

really assess the validity. Is the claim supported by the evidence? Is that evidence real-

istic and presented logically? Furthermore, does the evidence of the claim go beyond 

the scope of what is presented? These are all pertinent questions to be asked when 

assessing anything new or different. Once you have exhausted your own research, 

you must remain skeptical. Continue to be skeptical of any new claim, especially 

ones that claim to be breakthroughs or magic fixes. There are so many new claims, 

research, fad diets, quick fixes, and promises made on a regular basis that it can be 

very difficult to discern what are good data and what are not. It is the responsibility 

of the practitioner to always be on top of the most recent research in order to best 

advise an athlete. Hopefully, this text will provide a broad-based explanation of per-

tinent mechanisms and important information for practitioners to extrapolate into 

real world situations. Individual situations require individual attention, something 

that all practitioners should recognize.

Figure 10-1. Correlation can be easily shown with manipulated data. (Reprinted from http://tylervi-

gen.com/view_correlation?id=1597 via Creative Commons.)
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