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Introduction

THIS BOOK IS FOR PEOPLE who are interested in optimizing their blood sugar levels for performance. This book is not for people who want to know exactly which carbohydrate, drink, or gel they should take before, during, or after exercise. There are tremendously well-written and researched books that explain exactly the perfect ratios of glucose and fructose, and the right nutrition one should have to improve hydration and for prolonged performance. This book will help you to understand how to keep your blood glucose levels stable, how to raise them when you need to, when to recognize that your glucose levels are low, and how and when you should address this. A continuous glucose monitor (CGM) can improve athletic performance in training and when competing. When you achieve a great understanding of how to recognize the different scenarios that your blood glucose goes through not only during your day, but also when exercising and training, you’ll be able to optimize your blood glucose for peak performance.

This book is not for type 1 and type 2 diabetics that are looking for answers on how to better control their insulin levels or reverse their type 2 diabetes. There are many other good books about those subjects. While I do have a chapter that discusses how type 1 and type 2 diabetics can better use a CGM for performance, it’s just that—for performance. So if you’re a type 1 or type 2 diabetic, you will find very useful information here. I encourage you to read the entire book thoroughly, as you’ll find “nuggets” throughout that will help you improve your athletic performance.

In spending over two years researching, learning, questioning, and traveling the world finding out about so many topics related to blood glucose carbohydrate, absorption performance, and endocrinology insulin, I’ve been able to figure out patterns and correlations, and have come up with some helpful ways to optimize all these things so that you can improve your performance. Many of these things are correlations, and it’s important that you don’t take correlations as conclusions or causation. A correlation is when two variables are linearly related. For example, you might see your glucose level jump to 200 milligrams per deciliter (mg/dL) every time you eat a doughnut and think these are correlated, but you might not consider that you had three tablespoons of sugar in your coffee 15 minutes before that doughnut. So, while it appears that eating a doughnut is the cause of the glucose spike and the two are correlated, you’re missing an important factor that needs to be taken into account for true causation. It generally is highly useful and very interesting when you see different correlations, but it’s also important to do the testing yourself so that you can discover what works for you and what doesn’t.

The next thing to keep in mind is that there are many variables that will impact your blood glucose response. Some of these variables are: gender; age; fitness level; length of your workouts; intensity of your workouts; training freshness or fatigue; amount and quality of sleep; regular alcohol usage (including the night before); your gut microbiome; which macro diet you are on, like vegan or paleo, etc.; your prediabetic symptoms; and more. Not only do these variables play a role, but you can also change your responses based on your changes in health, such as weight loss and improvements in eating. So you could have a particular response at the beginning of this journey, but through increased fitness, weight loss, improved eating habits, a change in diet, and better sleep, you might need to completely re-read this book a year from now to understand the “new” you. This is just one reason why learning how to use your CGM for performance can be challenging. On a smaller scale, you might find that “X” food gives you a “Y” response on Monday, but on Friday, “X” food gives you a “Z” response. It’s imperative that you keep this in mind as you watch your blood glucose values, train, eat, and read this book.

This book is also the culmination of an important journey to improve my own longevity, vitality, and performance having battled hypoglycemia many times when racing as an amateur and professional cyclist. Unfortunately, I have a family history of cardiovascular disease, high cholesterol, high blood pressure, type 2 diabetes, and stroke. My mother had type 2 diabetes and at age 58 had a quintuple bypass. She died of a stroke at age 63. My father had a quintuple bypass at 55 years old, has had two stents since then at age 76, and has battled throughout his life with high blood pressure. My grandmother on my mom’s side died of a massive heart attack at age 63. My grandfather, on my father’s side and whom I never met, also died of a massive heart attack at age 44. So the odds are against me! I have had borderline poor lipid scores all my life:


	Triglycerides/high-density lipoprotein (TG/HDL) ratio = 2.73 (ratio of 2 or less is excellent);

	Apolipoprotein B (ApoB) = 100 mg/dL (less than 90 mg/dL is ideal); and

	Lipoprotein(a) (Lp(a)) = 109 nanomoles per liter (nmol/L) (less than 75 is ideal).



My hemoglobin (HbA1c) has hovered between 5.7 and 6.3 for nearly 20 years now. I have had my blood work tested almost every six months for over 30 years, along with multiple stress tests, calcium scans, and even a CT angiogram. So far, everything has been perfect with my heart—no blockages of any sort. I attribute this to being a lifelong endurance cyclist and someone that does strenuous cardiovascular exercise nearly every day. However, I also know that diet has played a role in this and, while I have done my best over the years, I know I could do better. I have recently changed my diet, which has improved my numbers (more about that in Chapter 8, which is on longevity and vitality). After having spent over two and a half years researching for this book, learning about my blood glucose and the glucose responses of the athletes that I coach and work with, and reading hundreds of scientific studies, I believe that maintaining a lower and more stable blood glucose level is one of the most important things I can do for my cardiovascular health. Using a CGM has made a profound difference in my average daily and nightly blood glucose levels, has held me accountable to the choices I make in my diet, and I believe it has been a significant contributor to improving my longevity and vitality.

One of the hardest parts about writing this book was the organization of the material. There are many concepts, ideas, responses, etc. that easily could fit in multiple chapters. This means that for you, the reader, it’s important that you read the whole book. You might skip around in chapters but be sure that you read the entire book. There might be a performance enhancing concept that is explained in Chapter 4, which also has a longevity and vitality impact you should know about in Chapter 8. As you read this, I hope you find yourself looking at the graphs and charts and saying to yourself, “I have seen that before in my data. Now I know what it means.” That’s been a key goal of mine in writing this book: to help you understand the responses, learn why something is or isn’t happening and then decide which “arrow in the quiver” you want to shoot next for that situation. You will also find yourself saying, “But, what about when this happens or that happens?” I ask you to be patient and read the entire book as it’s likely your scenario will be explained in a later chapter. Possibly, it’s not explained at all and that’s also been a challenge in writing this book. If I covered every glucose response this book would be 1,000 pages long and not very interesting for most readers. As we all continue to learn more about using a CGM for performance, I’ll put new insights and ideas into my website: www.TrainingandCompetingwithaCGM.com. Please feel free to reach out to me and my team when you’ve learned a new insight or have seen a new response and don’t know what it means or what to do about it.

Full disclosure: I am not a scientist, nor do I play one on the internet. I am a very keen and knowledgeable cycling coach that happens to have spent the last 25 years working with bicycle power meters and analyzing power data. I also co-founded the TrainingPeaks software, so I intimately know the ins and outs of data analysis. I am very good at statistics, understanding patterns, trends, and correlations. This book is not a gold standard double-blinded placebo-controlled trial of athletes’ blood glucose values. They all knew they had a CGM, saw their numbers and were influenced (or not!) by them throughout the examples, charts, and graphs that you’ll read about. At the same time, the data that you’ll see is the data. It’s not like anyone was able to fake their blood glucose values or change them after the fact. I hope as you read this book, you’ll find that I have created a well-balanced book that blends in science where it’s needed (with high-quality references backing up those statements), an approachable reading style so that everyone can understand and apply the principles, and nuggets of information throughout so that you can improve your performance. This book is not attempting to appear in any scientific journals. I offer it to you so that you can use what I and others have learned to make your own decisions and act when needed. I also hope it helps to improve your longevity and vitality.


It’s very important to remember that this book does not replace your doctor, and is not offering medical advice in any way. It’s important that you consult your physician when making any changes to your health that could change your prescription medication and/or change your blood glucose values.








Preface: An Introduction to CGMs

ALL OVER THE WORLD PEOPLE are measuring their glucose levels to better understand how to stay healthy, how to improve performance, and how to make positive behavioral changes. Continuous glucose monitors (CGMs) have been in use since the early 2000s, but their accuracy was so good that in 2016, the US Food and Drug Administration (FDA) approved CGM readings to replace finger-stick measuring. People with type 1 and type 2 diabetes have been using CGMs since that time to better understand how much insulin to use, what the impact of foods are on their glucose, and how to change their diet to control their glucose levels throughout the day and night. It’s only been since 2022, when the company Supersapiens launched Abbott’s Libre Sense Glucose Sport Biosensor, that athletes have had access to CGMs and their glucose data. Up to that point, scientists, researchers, and doctors around the world really didn’t know what non-diabetes users’ glucose levels might be, how they reacted to certain foods, and what happened to their glucose levels during exercise, sleep and throughout all aspects of life. Scientists, researchers, and doctors only knew about glucose responses from their studies on people with type 1 and 2 diabetes. So it has been with some shock, surprise, and excitement that they’re learning the responses in people without diabetes, including athletes.


Description 1
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Whether you’re a bodybuilder, cyclist, CrossFitter, pickleball player or simply an active person that wants to stay healthy, you can improve your performance by learning about, understanding, and making changes to your behavior just by using a CGM to track your glucose levels. Whether you’re a recreational athlete just looking to improve your health with more effective workouts at the gym, or you’re a professional triathlete looking to win your next full-distance triathlon, a CGM can help you. It’s an incredibly exciting and effective wearable that gives the user more insight into their body on a continuous basis, allowing them to make better fueling decisions in training, competition, and in daily life. Aaron Stevenson, a motorcycle coach and masters age cyclist, said this when he started using a CGM:

“For over 50 years, I have been riding and racing bicycles and motorcycles, and coaching professionally for the last 25 years. In the 1970s, sport nutrition, biometrics and training data were in their infancy. There wasn’t a lot of information available for young athletes. I came up through the heart rate monitor era learning how to use heart rate zones, then bought a power meter for my bicycle and learned how to use it. Now, this biometric data allows me to personally monitor my eating and training habits. I’m seeing just how important it is to understand what my blood glucose levels are during all of my exercise. When I teach a weekend motorcycle clinic, I am full blast the entire day. While I don’t show it to my athletes, internally, I’m really depleted by the end of the day. I do my best to eat snacks throughout the day, but now I see that I am not eating enough food and sometimes eat the wrong foods. Using the CGM uncovered some misconceptions in my eating. As an athlete, I want to properly fuel my body, and unknowingly, I consumed too much simple sugar like bananas and granola bars that had my glucose on a roller coaster all day. With some small but significant changes, I have been able to keep my glucose levels more stable, so I am still kicking it at the end of the day and feeling strong. It truly opened my eyes to learn what I have ‘unknowingly’ been doing to my body all these years!”1

When you start using a CGM, you’ll unlock information about your body that you could have never imagined possible before. The ability to learn how your glucose fluctuates on an hourly, daily, and monthly basis, can inspire you to take action each day to improve your workouts, your recovery, and your competitions. Not only will a CGM help you with your performances, but it will also help you to improve your glucose stability in your daily life so that your energy levels are more stable, you have a better mood, and you reduce both the inflammation in your body and the high glucose values that could be doing damage to your body.

All the new numbers and data points coming out of commercial use CGMs aren’t very useful for making behavioral changes if you don’t understand them, contextualize them, or recognize the patterns in them. A clear step-by-step method to turn your CGM into a true tool and improve performance is the key to creating a great habit loop. Chapter 1 will teach the basics about CGMs, glucose, insulin, and the factors that influence your glucose readings. Chapter 2 will give you critical information in helping you to learn more about your individual response to foods, including some useful tips about eating foods in the correct order. Chapter 3 will lead you on the steps to becoming a pro user of a CGM. Learning about and understanding exactly what all the “squiggly” lines and numbers mean is critical to taking action and making changes, if needed, and that’s why Chapters 4 and 5 are dedicated to teaching you to read CGM data in an easy-to-understand manner. Chapter 6 will dig into the science around CGMs, managing your glucose levels, and improving athletic performance. Chapter 7 will focus on how best to use a CGM and improve performance if you’re an athlete with type 1 or type 2 diabetes. Chapter 8 will be the most popular chapter, as you’ll learn about how to increase your longevity, vitality, and overall health. Your new wearable is going to be more than just an interesting number: it’s going to help you to make decisions at every meal, every workout and every competition. It truly will become, for you, an optimal performance tool.


WHY SHOULD YOU USE A CGM AND CARE ABOUT YOUR GLUCOSE?

Before we dive into the specifics on what exactly a CGM is and how to use it, let’s look at all the benefits that can come from reading this book and learning about monitoring your glucose levels.


Improved Athletic Performance

If your glucose levels are low or they drop below a certain threshold during exercise, then you’ll be unable to perform at your best or possibly at all. Low blood sugar (glucose), or hypoglycemia, makes training and/or competing nearly impossible. Hypoglycemia, or “bonking” as cyclists call it, or “hitting the wall” as runners call it, usually occurs when your glucose level falls below 70 milligrams per deciliter (mg/dL). This can give you shakiness, dizziness, headache, muscle weakness, confusion, and, of course, hunger. Your body continually optimizes to maintain your glucose levels in a narrow range, which is called homeostasis. When you exercise, your liver releases stored glucose (called glycogen) into your bloodstream so your cells can make energy. At the same time, you ingest additional carbohydrates from food, which replaces the glucose used during exercise and helps to maintain glucose levels so that you can use these easily, and preserve stored glycogen. These two combinations allow you to perform at a high level of intensity and for a much longer time.

If your glucose is constantly dropping and you’re not ingesting more carbohydrates, there will be only so long that you can exercise. Your muscles contain enough glycogen for 60 to 120 minutes of intense exercise, and your liver contains between 30 minutes of stored glycogen for a total combined possible amount of 2.5 hours of stored glycogen. For optimal performance in events longer than two hours, you’ll want to eat carbohydrates before these glycogen supplies are depleted. By eating the correct type of carbohydrates at the right time, you can carefully regulate your glucose to maintain an optimal level before, during, and after your workouts and/or competitions. Ensuring you’re fueling correctly before your events allows you to start your competitions ready to compete from the time the gun goes off. Recognizing during your exercise the different scenarios that your glucose levels might undergo, will keep you informed so that you can decide whether you need to ingest a quick acting carbohydrate or a slower acting carbohydrate. What you eat after your workout is just as important, especially if you’re planning on working out the next day. Your CGM will help you track your recovery. It will give you insights on optimal foods to consume after the workout or before bedtime in order to improve recovery.




Establish Your Baseline Glucose and Your Glucose Performance Zone

For the first two weeks after applying your CGM your focus is on gathering and observing the data. Resist the temptation to change your diet. Make sure to make “ranges” around your meals (including before, during, and after eating until your glucose comes back down again), exercise, sleep, and stressful situations. This will allow you to see your peak glucose value, how fast it gets to its maximum (time-to-response), your average for that specific time, and how long it takes for your glucose to come back down. This will also allow you to establish your baseline (basal) glucose value. What is your norm? Generally, during the day, does your glucose hang around 90 mg/dL? 100 mg/dL? This could be considered your daily “pre-meal or pre-exercise” baseline. Theoretically, your true “baseline” is measured only in the morning after an overnight fast. Both of these, your daily baseline and your true morning baseline, could change over the course of the next six months, so write it down in the margin of this book with a date beside it.

Optimizing your glucose for workouts and competitions is an important way to ensure that you’re performing at the highest level of your current fitness. It’s not a guarantee of success by any means. That comes down to your training, strategy, coaching, desire to win, etc. However, what it can do, is ensure that you’ll have plenty of energy for your event by keeping it in the right zone. You’ll learn more about your glucose performance zone (GPZ) and how to find it in Chapter 3.




More Stable Energy Throughout Your Workout and Day

When your blood glucose levels drop, you begin to feel lethargic, sleepy, and you might even find yourself in a bad mood. And, of course, you won’t be as productive as when your glucose is higher versus when it’s close to your baseline, and stable. When you’re on a roller coaster of high glucose then low glucose, it’s hard to perform well throughout your workout, and it’s tough on your liver, pancreas, and even your brain as you try to focus and concentrate. High blood glucose is not as big of a problem if you’re staying below 200 mg/dL, which is around the top limit for normal healthy athletes that don’t have type 1 or 2 diabetes. However, high glucose is not something you’re striving for. More is not better in this case, as high blood glucose levels can cause inflammation, damage to the internal walls of your arteries and vessels, and puts a large strain on your pancreas to secrete more and more insulin to stabilize your body back to its basal level.2

A stable glucose, and it doesn’t have to be perfect, will allow you to perform at a high level, be focused throughout your workout and/or competition, and will ultimately help you to focus on what’s important, whether that’s the next point in your tennis game, the next hill on your bicycle, or the next set of weights at the gym.




Be Accountable to Your Diet

Like any measuring tool, whether that is a heart rate monitor, stopwatch, or step counter, once you become aware of something and you can measure that thing, you’ll improve it. Take that measuring tool away and you lose the ability to know what exactly is happening and, in this case, what is happening inside your body and how it reacts to ingested foods. I know that when I am using my CGM, I still make different food choices even after having used one now for over two years. I know that eating tortilla chips will absolutely blow up my blood glucose to over 200 mg/dL every time I have some, but if I don’t have a CGM on, I’ll reach for that bag of chips! Even athletes that I coach have said to me, “Woohoo, I am off sensor! I’ll have that big pastry please,” when we have stopped during a training ride out cycling. The accountability factor of using a CGM is a real thing, and it can keep you on track.




Improve Your Metabolic Health

What is metabolic health? Great question! There is no universally agreed-upon definition of metabolic health, but some scientists and doctors define it as the absence of metabolic concerns. Low abdominal fat, low triglycerides (less than 150 mg/dL), low-fasting blood glucose (less than 100 mg/dL), low blood pressure (less than 130/85 millimeters of mercury (mmHg)), and low high-density lipoprotein cholesterol (40 mg/dL or less in men and 50 mg/dL or less in women) are all indicators of good metabolic health.3 Improving your metabolism, which is the conversion of foods to energy in your body, can directly impact your ability to perform at any level in athletics. If you can more efficiently convert foods into the substrates your body needs to perform well, then you’ll be able to perform at an increasingly higher level in your chosen sport. The great news is that all the training you currently do also improves your metabolic health, including making you more sensitive to insulin, reducing the risks of disease, type 2 diabetes, and nonalcoholic fatty liver disease. At the same time, training also helps to improve your numbers in the five indicators of good metabolic health (mentioned at the start of this paragraph). So, it’s an upward spiral of improvement. Exercise more, improve your metabolism and metabolic health, wear a CGM, understand how your glucose level responds, and make better choices to further improve your glucose stability and therefore metabolic health.





Reduce Your Risk of Type 2 Diabetes

Yes, athletes can get type 2 diabetes! In the book, The Great Cholesterol Myth, authors Dr. Jonny Bowden and Dr. Stephen Sinatra wrote, “Insulin resistance is the root cause of heart disease and insulin resistance is essentially an error of metabolism.”4 Dr. Robert Lustig, the author of Metabolical, said, “Emerging evidence shows that insulin resistance is the most important predictor of cardiovascular disease and type 2 diabetes.”5

Type 2 diabetes, or adult-onset diabetes, occurs when your cells become resistant to insulin. Cells need insulin to “open the door” for glucose to go into the cell, but in type 2 diabetes, these cells no longer respond to insulin and therefore leave the glucose molecules to circulate in the bloodstream. A type 2 diabetic could have a glucose value as high as 400 mg/dL, whereas anything over 140 mg/dL is considered inflammatory to the body and causes damage to the epithelial (inner) layer of the vessels and arteries. This damage is then fixed by plaque and eventually the plaque becomes thick and hardened, and finally so clogged that blood flow is stopped, which results in a stroke or heart attack. Let’s prevent that! And yes, even athletes can have clogged arteries. There are countless stories of well-known and little-known lifelong endurance athletes that have had heart attacks because of clogged arteries. Diet also plays a huge role as well, and you can’t out-exercise a bad diet. Repeat after me: “You can’t out-exercise a bad diet.”6

Measuring your glucose value on a minute-by-minute basis throughout the day with a CGM makes you acutely aware of every increase or decrease in your glucose, which in turn helps you to correlate the foods that you eat with your glucose response and then make better decisions for your health and sport. When you create more stability and less variability in your average daily glucose, you’ll undoubtedly improve your insulin sensitivity. Couple this with a healthy diet that is high in fiber and low in saturated fats, and you’ll be well on your way toward reducing your risk of acquiring type 2 diabetes.




Increase Your Longevity and Vitality

Longevity is how long you will live. Vitality is how much energy you have, and how strong and active you are. We all want to live longer and kick butt while doing it. You wouldn’t be reading this book if you didn’t think so! A CGM is one of your tools to increase your longevity and vitality. If all you ever do after you use a CGM for the next six months or so (I recommend at least six months of use before you’ll really understand your glucose responses) is learn to change your diet in a way that reduces your nightly average glucose, while you sleep, and your 24-hour average daily glucose, you’ll live longer and have more energy doing it. Just that alone will help prevent cardiovascular disease, stroke, type 2 diabetes, and the healthy diet change that you’ll ultimately have to do to lower those numbers will also help prevent cancer. Repeat after me: “Fast food is not healthy!” Cutting the crap foods out of your life, such as junk foods, seed oils, fast food, and foods that “blow up” your blood glucose, are changes that will result in improvements in your metabolism and athletic performance. You’ll live even longer—and kick butt doing it! No, a CGM is not the fountain of youth, but it can keep you accountable to your diet and help you to make better choices. Every choice counts. It’s you that must make the right choices in your diet, and using a CGM will help you to make those choices and in turn increase your longevity and vitality.











  CHAPTER 1 What Is a CGM?


CONTINUOUS GLUCOSE MONITORS (CGMS) are medical devices that measure the continuous interstitial glucose across 24-hour periods.7 CGM technology enables you to see interstitial glucose responses to dietary intake, carbohydrate ingestion, and physical activity. This sends your glucose data to a compatible smartphone, watch, or bike computer so that you can see it any time you like. Because you sleep with it on as well, it can give you important information about your nighttime glucose levels, which can be impacted by dietary intake. CGMs have been used since 2016 by type 1 and 2 diabetics in the management of diabetes mellitus, providing critical information that allows them to easily respond to glucose fluctuations on an as needed basis.8

Currently, and in the past, glucose data has been collected either via self-monitoring with a finger-stick glucometer after a meal or throughout the day, to assess glucose status and administer insulin if needed. Measuring your glucose with a finger stick after your meal makes it challenging to understand exactly your personal response to your meal. Your glucose will be different if you take the measurement 10 minutes after, 12 minutes after, or 20 minutes after, as your body is constantly trying to regulate your glucose after a meal. However, CGMs can report every minute, some every five minutes, while others only report when you scan them with your smartphone. These are accumulated averages over that time period. With the truly continuous glucose monitors, you’ll learn how your recent food intake and exercise impacted your glucose, giving you an opportunity to adjust insulin dosing (if you are type 1 or 2) and see the impact of your meals or snacks in almost real time. Using a CGM is a truly revolutionary way to measure glucose levels and has been well proven to compare with highly calibrated venous sampling in nondiabetic individuals.9 Since CGM devices measure interstitial glucose rather than actual blood glucose concentrations, a 5 to 10 minute lag exists between actual blood glucose and reported CGM glucose readings.10 This is important to remember when you’re competing, and we’ll talk more about this in later chapters.



HOW TO USE A CGM

CGMs contain a thin sensor that is inserted into the subcutaneous tissue, which could be the back of the upper arm or abdominal wall, or even your upper buttocks. It needs to be in a somewhat “fatty” tissue area, otherwise it will irritate the muscle. This sensor is a glucose-oxidase soaked electrode that measures the glucose level in the interstitial fluid by catalyzing the glucose oxidase reaction, which produces a tiny electrical current that equates to the concentration of glucose in the interstitial fluid. See Figure 1.0. The glucose level is an estimation based upon an algorithm used by the manufacturers of each CGM. Depending on the size of the battery and the type of CGM, they can last from 3 to 14 days (the most common length of time they last) and even up to six months.11


Calibration

Many CGMs are calibrated at the factory, but some can be calibrated by using a finger-stick glucometer. Once calibrated, these don’t seem to need to be recalibrated, although if you feel like your glucose numbers are too low or too high, I encourage you to recalibrate. Sometimes the CGMs can go “bad,” lose connection, fail completely, or begin to read inaccurately. In this case, remove the sensor and apply a new one. For sensors that begin reading low (the most common issue) and are not calibratable, this is a frustrating and deceiving issue. You might think, “Oh, wow, my glucose is really low right now.” But, in reality, it’s just the sensor itself. A study in 2016 found that calibratable sensors needed to be calibrated between one to four times a day.12 The calibration is done by the CGM app. In some cases, like with the Abbott’s Libre Sense Glucose Sport Biosensor, the sensor can lose the calibration in the Abbott app. However, if you use a third party app, like UltraHuman, then you can calibrate it in their app and prevent wasting a sensor.


FIGURE 1.0 Glucose Sensor in the Skin Description 2
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Although the technology has come a long way in four years, I have found that you might need to calibrate the sensor an hour or so after insertion, and then one more time the next day. Use your best judgment here, and when in doubt, calibrate it or change out the sensor. Figures 1.1, 1.2, and 1.3 show a comparison between the Abbott’s Libre Sense Glucose Sport Biosensor, the Dexcom G7, and a glucometer measurement from a finger stick, all taken simultaneously.

As you can see, they’re all different! Reminder: the finger stick is measuring actual blood glucose at your fingertip, whereas the CGM is measuring the glucose in the interstitial fluid, which could lag 5 to 10 minutes behind. If we measured it in your vein directly, we would get yet another different number. The key point here is that they’re “consistent” for the non-calibratable CGMs. If it’s off by 20 milligrams per deciliter (mg/dL), and as long as it’s always off by 20 mg/dL, then that’s fine. If it becomes inconsistent and it’s off by 5 mg/dL in the morning when your glucose is 75 mg/dL, and then it’s off by 30 mg/dL when your blood glucose is 150 mg/dL, that’s a problem. So be sure to take a few measurements at different glucose levels to ensure it’s consistent.


FIGURE 1.1 Finger Stick Accu-Chek—Aviva Glucometer Reading

[image: A finger stick glucose monitor with 114 mg/dL on the digital screen.]



FIGURE 1.2 Abbott’s Libre Sense Glucose Sport Biosensor Reading—Not a Calibratable Sensor Description 3


[image: Trend graph labeled “Dexcom G7 Reading—Before Recalibration.”]



FIGURE 1.3 Dexcom G7 Reading—Before Recalibration Description 4


[image: Trend graph labeled “Abbott’s Libre Sense Glucose Sport Biosensor Reading—Not a Calibratable Sensor.”]


All CGMs contain a small battery inside them that will only last 3 to 14 days. When they expire a new CGM is required (or you can replace the battery for those that have replaceable batteries). The information is sent to a smartphone via low-energy Bluetooth and can then be sent to smartwatches or bicycle computers. Depending on which CGM you’re using, the glucose data can be sent continuously, every one to five minutes, along with synching to your phone automatically, or you might have to do a “manual swipe” using the back of your phone to swipe over the sensor, sending the data to your CGM app. A manual swipe is less useful to be certain, especially if you’re in a competition. If you do lose connection with your phone, or let’s say you leave your phone in another room, then the CGM will store average readings every five minutes for up to eight hours. The next time you reconnect your smartphone, the information will download from the CGM. You’ll notice right away that the glucose line is smoother and less jagged than normal. This is because of the lower frequency of measurements being saved vs. being sent continuously. This also means that you could lose a lot of important data in that smoothed line. The smartphone CGM app is truly where the CGM goes from being a “tech gadget” to a useful tool. All the manufacturers of CGMs produce their own smartphone apps, and there are many third-party apps that allow a deeper dive into your glucose levels over time. You can view this data in real time and retrospectively to help you better understand trends, patterns, and how your glucose levels change quickly or more slowly. I encourage you to also record your meals if your app has that capability. For instance, the Levels app has the ability for you to use voice-to-text and allows you to speak “natural language” so it can analyze what you’re saying and then categorize it as separate foods. This is very, very handy! Most companies also have a web application, which allows you to further analyze your data.






CGMS AND APPS

There are many CGMs on the market and most of them require a prescription from a doctor. Abbott Labs, Dexcom, Eversense, Medtronic, GlucoMen in Europe, and other companies all make CGMs for use by type 1 and 2 diabetics. In 2024, the US Food and Drug Administration (FDA) approved multiple sensors for use by consumers without a doctor’s prescription. These are the sensors from Dexcom Stelo, Abbott Labs Lingo, and Libre Rio. This list will continue to grow and it’s likely that more have been approved since the writing and publication of this book. The sensors continue to evolve, by improving in accuracy, battery level, and simplicity of application.

CGMs have their own proprietary apps to view and use the information they gather. These all work on your smartphone and are relatively simple and easy to use. As with any software, there are pluses and minuses to each app, for example relating to the number of features and how useful the metrics are. These companies make their apps relatively simple for the common denominator end-user and don’t care much about improving them beyond the basic features. These apps are also very diabetic-centric and less about improving overall health—and certainly not about athletic performance. This has created an opportunity for other software companies to come in, create their own apps that work with the CGM sensor directly (via Bluetooth signal) or piggyback off a manufacturer’s app, essentially hijacking the information. Most of these third-party apps are also more focused on health than athletic performance, therefore, providing a much richer feature set, including some incredibly innovative metrics, food logging, trend analysis, and even predictive glucose values based on their dataset. There are a couple of apps that are integrating AI capabilities to leverage their entire user database of foods and glucose responses to help you make better decisions. This area is incredibly exciting, and we’ll only continue to see improvements over time. Unfortunately, in mid-2024, the main company focused on athletic performance, Supersapiens, went out of business, largely due to the FDA dragging its heels in approving the Abbott’s Libre Sense Glucose Sport Biosensor. Supersapiens—founded by Phil Southerland, former pro cyclist (also a type 1 diabetic) and founder of the Team Type 1 cycling team—and its app really created some outstanding features for athletes. It’s a real shame they could no longer continue, and my hope is that they’ll return with renewed vigor. That being said, other companies are producing apps that will be highly useful for athletes, and I expect we’ll continue to see this area grow very quickly in the coming years. The main third-party apps available in the market, at the time of publishing are:


	www.levelshealth.com

	www.ultrahuman.com

	www.veri.co

	www.nutrisense.io



These all have features that are incredibly useful for the athlete, with UltraHuman and Levels leading the charge.




WHAT IS BLOOD GLUCOSE?

Blood glucose, or blood sugar, is a critical component of human physiology. It serves as a primary source of energy, especially for the brain and muscles, and plays an integral role in maintaining overall health. Blood glucose is the concentration of glucose (a simple sugar) present in the bloodstream. When we ingest carbohydrates, we convert those carbohydrates into glucose molecules. These molecules can be used immediately and are stored in the liver and/or muscles as glycogen. They can also be stored as fat if we eat too many calories and have an excess of glucose.

It’s important to know a few key terms related to blood glucose as you read the rest of this book.


Hypoglycemia

Hypoglycemia occurs when blood glucose levels fall below normal and is usually considered below 70 mg/dL. It is often referred to as “low blood sugar,” and can result from prolonged fasting, intense exercise, or certain medical conditions. Symptoms of hypoglycemia can include shakiness, sweating, rapid heartbeat, and, in severe cases, confusion, seizures, or coma. As an athlete, a sudden drop in blood glucose during prolonged exercise is known as “bonking” or “hitting the wall,” which severely impairs performance. So read that sentence again. A sudden drop is the key descriptor. Dr. Stephen McGregor, professor of exercise physiology at Eastern Michigan University said, “You don’t have a bonk just because you drop below 70 mg/dL. You can bonk if you’re used to a high level of blood glucose and then that drops a certain amount. You could be competing with a glucose from 140 to 180 mg/dL for hours and hours, and then you drop to 120 mg/dL. You could experience all the symptoms of hypoglycemia, and your performance will be severely impacted. A big part of your performance is your body’s perception and the level of glucose you are accustomed to. When you’re accustomed to being hyperglycemic, then when that level drops dramatically, you experience the bonk.”13


Hyperglycemia

Hyperglycemia, the opposite of hypoglycemia (low blood glucose), refers to having elevated blood glucose levels. This is generally thought to be over 126 mg/dL during fasting and over 180 mg/dL two hours after your meal. The glucose level for hyperglycemia hasn’t been determined yet for nondiabetic athletes during exercise, as using CGMs for non-diabetics is so new. I have found in over two years of researching across 12 different sports that athletes can compete at a high level with their glucose at 200 mg/dL or greater. So in non-diabetics, during exercise, hyperglycemia might be considered over 200 mg/dL, but this is only an observation at this point. More research is needed.

Hyperglycemia can be caused by factors such as excessive carbohydrate intake, insulin resistance, or insufficient insulin production. From a health perspective, chronic hyperglycemia is a sign of diabetes and can lead to long-term complications such as cardiovascular disease, kidney damage, blindness, stroke, neuropathy, and ultimately death. As an athlete, it’s fine to have a high glucose level during exercise, but you want to have a lower, more “normal,” level during the rest of your life.




Glycogen

Glycogen is the stored form of glucose, primarily found in the liver and muscles. It serves as a readily available energy reserve that can be quickly mobilized when blood glucose levels drop or during periods of increased energy demand, such as training and/or competition. The main difference between glycogen and glucose is that glycogen is a polysaccharide, meaning it consists of multiple glucose molecules linked together, whereas glucose is a monosaccharide, a single sugar molecule. Glycogen levels are very important to you as an athlete, and they have a significant impact on athletic performance. Through training and “carbo-loading,” you can increase your muscle’s ability to store more glycogen. And with high glycogen stores, you can sustain longer periods of intense exercise before fatiguing. Conversely, low glycogen levels can lead to early fatigue and decreased performance.

Trained athletes have roughly a total of two and a half hours of stored glycogen in their muscles and liver. In the muscles, there can be as much as two hours of stored glycogen (300 g) in highly trained athletes and 30 minutes of stored glycogen (100 g) in the liver, so elite athletes could have up to around two and a half hours of stored glycogen. For recreational athletes, this could be only one and a half hours of stored glycogen, so there could be a vast difference between recreational and elite professionals.14




Glycogenesis

Glycogenesis is the process by which glucose is converted into glycogen for storage in the liver and muscles. This process happens when there is an excess of glucose in the bloodstream, such as after a meal. What this means is that this process is taking the glucose out of the bloodstream and reducing your glucose number on your CGM. Glycogenesis is also crucial for maintaining blood glucose levels within a normal range and for ensuring that the body has sufficient energy reserves for future use.




Glycolysis

Glycolysis is a fundamental energy-producing process in cells, converting glucose into pyruvate while generating adenosine triphosphate (ATP). This is the first step in cellular respiration and occurs in the cytoplasm of cells. In other words, this is the “burning of glucose” to help create energy in your body. Glycolysis is particularly important during high-intensity anaerobic exercise when the demand for energy exceeds the supply of oxygen, as it can produce ATP quickly without the need for oxygen. This means that if you’re doing very intense but short exercise, like a sprint on the track, a lift on the bench press, or anything maximal effort that is less than 60 seconds, you’re calling on the glycolysis process for energy.




Glycogenolysis

Glycogenolysis is the process of breaking down glycogen into glucose, which can then be released into the bloodstream or used by muscles for energy. All that stored glycogen must be broken back down into glucose for use. This process happens during periods of fasting, stress, or intense exercise when blood glucose levels begin to drop. According to Dr. Andrew R. Coggan, the author of several papers on the subject, “At the onset of exercise, the rate of glycogenolysis accelerates to match hepatic (liver) glucose output to increased peripheral (mostly muscle) glucose uptake, so it will dominate initially. As time (minutes to hours, not seconds to minutes) goes by, hepatic (liver) glycogenolysis gradually decreases (as glycogen stores become depleted), with gluconeogenesis having to increase to take up the slack.”15 Glycogenolysis ensures that the body has a continuous steady supply of glucose, even when dietary intake is insufficient.






Gluconeogenesis

What happens when you deplete all your glycogen stores, and you don’t ingest more glucose? That’s when your body’s back-up system kicks in. This is called gluconeogenesis and is the process of producing glucose from non-carbohydrate sources, such as proteins (amino acids), lactate, and fats (glycerol). This process primarily occurs in the liver and is essential during prolonged fasting, starvation, or intense exercise when glycogen stores are depleted. Gluconeogenesis helps maintain blood glucose levels and provides energy to organs that rely heavily on glucose, such as the brain. Your body will protect your brain at all costs from starving from lack of glucose. It goes so far as to shut down the rest of your body to preserve your brain. You won’t be able to walk and will collapse from fatigue, a direct result of your body protecting your brain and ensuring it has glucose to survive.




POWERING THE BODY

Glucose itself is not the direct fuel that powers the body. Instead, glucose is used to make ATP, the true energy source for all the body’s cells. Here’s how it works in the simplest of explanations.

It begins with ingestion and digestion. You eat foods that contain carbohydrates, which are then broken down into simpler sugars, primarily glucose, in the digestive system. Next comes absorption and transportation of that glucose. This is what we are measuring with a CGM: the actual transportation of the glucose to the interstitial fluid (fatty layer part of your skin). The glucose is then absorbed into the bloodstream and moved to cells throughout the body. Here’s where insulin comes in. When you eat food and that food is broken down into glucose and then enters the bloodstream, this will send a specific signal to the pancreas to release insulin. Insulin “opens the door” for the uptake of glucose into cells, particularly muscle and liver cells.

Once inside the cells, this is where ATP is produced. Glucose goes through multiple processes, which you might remember from high school biology class. Some light biochemistry here!


	
1. Glycolysis: Glucose is broken down into pyruvate, producing a small amount of ATP (two molecules) and nicotinamide adenine dinucleotide (NADH) (another energy-carrying molecule).

	
2. Krebs Cycle: Pyruvate enters the mitochondria (the engine of the cell) and is further processed, generating more NADH and flavin adenine dinucleotide (FADH2) (another energy carrier).

	
3. Oxidative Phosphorylation (Electron Transport Chain): NADH and FADH2 are used to generate a large amount of ATP (28 molecules) through a process that involves the transfer of electrons and the creation of a proton gradient.



After all that happens, those precious energy molecules of ATP are used to power many of your cells’ activities, and as an athlete, that ATP is critical for muscle contraction, transmission of nerve signals and other biochemical reactions that will help you to perform at your best. So, while glucose is essential because it’s the primary source of fuel for ATP production, it’s ATP that fuels the body’s activities.

And here’s the information you’ve been waiting for, and why this all matters: without sufficient glucose, cells wouldn’t be able to produce the necessary ATP to function effectively, leading to a decline in overall athletic performance. Our muscles, brain, and liver are particularly dependent on blood glucose.

How does this impact more specifically the muscles, brain, and liver? When we exercise, train and/or compete, our muscles require a tremendous amount of energy. Most of the energy used by the muscles is in the form of stored glycogen, but those stores must be in the muscles to be used. However, if needed, glucose can be rapidly taken up by muscle cells and converted into ATP through glycolysis. This process provides the immediate energy needed for muscle contraction.

The brain is the most glucose-dependent organ in the body. Unlike muscles, which can also use fat for energy, the brain relies almost exclusively on glucose (it can also use ketones, supplied or made by the body). A constant supply of glucose is necessary to maintain cognitive functions, such as thinking, memory, and learning. One of the first signs of low blood glucose is the lack of ability to think clearly.

    Finally, the liver acts as a glucose storage unit, or gas tank so to speak, storing glucose in the form of glycogen. When blood glucose levels drop, the liver releases glucose back into the bloodstream through a process called glycogenolysis. The liver also plays a role in gluconeogenesis, which is the production of glucose from non-carbohydrate sources (proteins and fats), which ensures a steady supply of glucose during fasting or prolonged exercise. So yes, you can exercise just on proteins and fats, but this must be at a low level of intensity. In the book Sport Nutrition, Dr. Asker Jeukendrup and Dr. Michael Gleeson wrote, “The main problem with the use of fat as a fuel for exercise is the rate at which it can be taken up by muscle and oxidized to provide energy. Fat oxidation can only supply ATP at a rate sufficient to maintain exercise at an intensity of about 60% of [image: Latin capital letter v with dot above]O2max.”16





INSULIN

Now that you understand the glucose side of the equation, you also need to know a few things about insulin.

Insulin is a peptide hormone which is produced by the beta cells in the pancreas. This happens as a response to increased glucose levels, typically after eating.17 It is essential for controlling blood glucose levels and ensuring that cells receive the energy they need to function. Insulin can be thought of as the “key to unlocking the door” to the cells, which allows glucose, proteins, and nutrients to enter the cells. And when the glucose enters the cells, it leaves the bloodstream, thereby lowering your blood glucose.

As soon as you put some glucose in your mouth, insulin begins secreting and stops the fat burning process (lipolysis). Once glucose enters the bloodstream from the digestive system, insulin acts like a key, unlocking cells so they can absorb glucose. And if you just read about the process of the Krebs cycle in the Powering the Body section above, you’ll know that the glucose can then be converted into ATP or stored as glycogen for later use, particularly in the liver and muscles. It’s also very important to understand that your body also secretes insulin when you eat proteins and fats. This is important to understand the implications regarding a high protein/high fat diet as many believe that by reducing the glucose spikes by abstaining from carbs, they’re avoiding any future issues with regards to type 2 diabetes. This is flawed thinking and will be detailed in Chapter 7.

If you eat too much food, or more than you expend, insulin also promotes the storage of excess glucose as fat in adipose tissue (fat). It’s worth repeating that insulin inhibits the breakdown of fat and glycogen, helping to maintain energy balance in the body. What does this mean to you as an athlete? If you’re trying to reduce your fat percentage by cutting out calories and fasting, then keep in mind that as soon as you put carbs in your mouth, that fat burning process is stopped. If you don’t produce insulin like a type 1 diabetic (who has to inject insulin), glucose would remain in the bloodstream, causing hyperglycemia (high blood glucose), which has been proven to cause a range of health issues, including damage to blood vessels, nerves, and organs. That damage then leads to cardiovascular damage, a possible heart attack, and even death. So, insulin is very important, along with a well-functioning pancreas!

Without insulin, the body’s ability to regulate blood glucose levels is severely compromised, leading to hyperglycemia. If left untreated, this condition can result in serious health complications, including diabetic ketoacidosis (DKA), a life-threatening condition where the body begins to break down fat for energy, producing high levels of ketones and leading to acidic blood. People with type 1 diabetes, a condition where the pancreas produces little to no insulin, require external insulin administration to manage their blood glucose levels. Without insulin treatment, individuals with type 1 diabetes would not survive. Even in type 2 diabetes, where the body becomes resistant to insulin, the importance of insulin remains, as the condition can lead to similar complications if not properly managed.

Unfortunately, there is no continuous insulin monitor as this would be just as interesting as a CGM and very possibly even more helpful to the athlete. Insulin is the opposite side of the “same coin” and we have to infer what is happening with insulin through the monitoring of glucose. We can come close to understanding this but, still, it’s an imprecise estimate.

Besides the immediate risks of hyperglycemia, a lack of insulin would also mean that cells could not efficiently absorb glucose, leading to severe energy deficits. The brain, which relies almost exclusively on glucose for energy, would be particularly affected, resulting in cognitive impairment, confusion, and, in extreme cases, coma. This is what happens when someone enters a diabetic coma. Without insulin, the body’s ability to store energy in the form of glycogen and fat would be severely impaired, leading to rapid weight loss, muscle wasting, and malnutrition. In the long term, chronic hyperglycemia without insulin management can cause irreversible damage to various organs, leading to complications such as blindness, kidney failure, and cardiovascular disease.


Insulin Sensitivity vs. Insulin Resistance

Insulin sensitivity is what you want as an athlete and in life. Insulin sensitivity is how responsive the body’s cells are to insulin. High insulin sensitivity means cells readily respond to insulin’s signal to absorb glucose from the bloodstream. This is a good thing! You want that glucose level to come down quickly. Individuals with high insulin sensitivity require less insulin to manage blood glucose levels, which is generally a sign of good metabolic health. The great news is that through exercising; eating a healthy diet full of fruit and vegetables and fiber, and low in saturated fat; and maintaining a healthy weight, you can improve your insulin sensitivity.

Insulin resistance occurs when the body’s cells become less responsive to insulin, meaning more and more insulin is required to achieve the same effect. As a result, the pancreas compensates by producing more insulin, leading to elevated insulin levels (hyperinsulinemia). Over time, this can exhaust the pancreas and lead to conditions such as type 2 diabetes. Insulin resistance is what you’re trying to prevent in athletic events and in your everyday life. Reducing high sugar intake, ultra-processed foods, saturated fats, sedentary periods, and keeping your weight down, will help reduce insulin resistance.

What about the role exercise plays here? Before exercise, insulin helps ensure that muscles have sufficient glycogen stores by promoting glucose uptake and glycogenesis (the conversion of glucose to glycogen). This glycogen serves as a readily available energy source during exercise. During exercise, insulin levels naturally decrease to allow for the mobilization of glucose and fatty acids from storage sites. This process is essential for maintaining blood glucose levels and providing a steady energy supply to working muscles. After exercise, insulin sensitivity temporarily increases, meaning cells are highly responsive to insulin’s effects. This heightened sensitivity allows for post-workout shakes and meals to be quickly metabolized and the glucose to be taken up in the muscles and liver quicker, enhancing your post-workout recovery. Therefore, you want a glucose spike after your workout. That recovery shake, containing carbs and some protein, that you ingested is important because it causes as much insulin to release as possible, so you can optimize this recovery process aiding in muscle repair and growth.18
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