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Foreword



My diabetes story started in 1970, when I was fifteen years old. I presented in diabetic ketoacidosis and spent a week in the hospital including several days in the ICU. When I was discharged, I was treated as an outpatient with one injection of intermediate-acting insulin (NPH) and regular insulin a day in the morning, and instructed to test my urine four times a day and keep a logbook. My mother was told to weigh my food and to give me a strict diet using the very old exchange system. I was also sent to diabetes classes that consisted of thirty-five overweight individuals with type 2 diabetes… and me, a skinny teenager with type 1 diabetes. The only thing I remember from that class was that ketchup had sugar in it.


In the late ’70s, I did my undergraduate studies at the University of California, Los Angeles, where I took classes preparing me to apply to medical school. I had thought long and hard about the state of diabetes treatment and education. Why was I treated with the same regimen as those who came down with diabetes more than fifty years ago, when insulin was first discovered? Why were the educational approaches the same for people with any type of diabetes? At this early time in my life, I decided to devote my career to advancing diabetes research and teaching. I did my clinical and research fellowships at the Joslin Clinic, the Lahey Clinic, and the University of California, San Diego, where I have remained on faculty for the past thirty-six years.


Great advances in diabetes care and treatment have no effect unless the individual living with this chronic condition is accurately educated and actively engaged. In 1995, I founded a patient-oriented nonprofit organization called Taking Control of Your Diabetes to fill an important education gap, and to empower people with diabetes and their loved ones to take an active role in their condition and be a significant participant of their diabetes care team.


Think Like a Pancreas is an incredibly unique book. Now in its fourth edition, it continues to educate and guide people with diabetes and all others who are interested. Gary Scheiner is the ultimate educator and role model for the increasing number of individuals being diagnosed with type 1 diabetes, as well as many old-timers still searching for the tips and tricks to get their diabetes in a safe range. Gary, who has been living with T1D for decades, has shared his extensive personal experience and teaching skills through two incredible resources to people around the world: this book you hold in your hands, and his practice, Integrated Diabetes Services.


The title, Think Like a Pancreas, is a perfect description for this book. Why is it that in 2025 only 20 percent of individuals living with type 1 diabetes in the United States have an A1c less than 7 percent? It is because controlling T1D is hard! It is basically a 24/7 job with no breaks or vacations that requires typically over 150 decisions throughout the day and night to stay in a safe range (70–180 mg/dl). After all, avoiding excessive highs and, especially, dangerous lows can really wreck your day or night… or both!


Gary walks the walk and talks the talk when it comes to living well with his type 1 diabetes and documenting every important aspect of controlling T1D. Paying attention to the nutrient composition, amounts, and time of day you consume your meals. Counting carbohydrates is not easy, accurate, or consistent! Trying to time your exercise and determine the intensity and duration on your glucose levels. On top of all this, adjusting your insulin dose appropriately.


Whether insulin is administered via an injection or insulin pump, the route is subcutaneous, which is NOT physiologic and has a slow onset of action and a prolonged effect. Dosing insulin is like steering an ocean liner… easy to undershoot and overshoot the dose leading to wide fluctuations… and frustrations.


We do our best monitoring our glucose values by pricking our fingers four to ten times a day… at least, this is what is asked of us, which is a major pain. Thank God, we are now getting more access to continuous glucose monitors, which Gary has been talking and teaching about forever!


This new edition of Think Like a Pancreas has been updated to include information on hybrid closed-loop systems with automatic insulin delivery; a section on CGM data analysis, which is vital to get the most out of this incredible technology; micro-dosing glucagon and more.


Gary has always been ahead of his time. This new edition of Think Like a Pancreas is the single best publication to understand and control type 1 diabetes and even type 2s on insulin. It is an excellent read with information that is invaluable for you and your diabetes control!


Steven Edelman MD


Professor of Medicine, Department of Internal Medicine


Division of Endocrinology, Metabolism, and Diabetes


University of California, San Diego


Founder and Director, Taking Control of Your Diabetes 501(c)(3)















CHAPTER 1



Give Your Brain a Rest




I feel like a number


I’m not a number


I’m not a number


Dammit I’m a man


—Bob Seger & The Silver Bullet Band





Raise your hand if you think diabetes is about more than just numbers. Now, raise your other hand if the constant bombardment of social media has you feeling a bit burned out. Now, raise your OTHER other hand (or a foot) if the thought of lying on a sunny beach with a cool drink sounds really nice.


Why do I bring this up? Simple. In all likelihood, you’re reading this book because you want to learn how to do a better job of managing diabetes for yourself or someone you care about. There are other books out there that take a deep dive into the various insulin dosing formulas and self-management procedures used in diabetes care. Well, I don’t teach that way. And I take teaching seriously. As a certified diabetes care and education specialist, the EDUCATION part is of the utmost importance. And if there is one thing I’ve learned about teaching and education, it’s that we don’t learn from rapid-fire facts and figures. We learn from experiences. And stories. The lessons we learn from stories and experiences far outpace what we learn from textbooks and lectures.


This new edition of Think Like a Pancreas is filled with new and exciting topics. I really did my homework to make sure no stone was left unturned. But my approach remains the same: teaching through practical examples, experiences, and real-life stories.


So, here’s my story.


My Story


Back in 1983, after spending my entire childhood in that cultural mecca known as Central Jersey, my family relocated to a suburb of Houston, Texas. I sweated through my senior year of high school and then headed to Washington University in St. Louis. My freshman year at WashU was fun, but stressful. Besides living on my own for the first time in my life, there was the challenge of a very difficult premed course load and the early college romances that inevitably crashed and burned.


That summer, I returned “home” to Sugarland, Texas (yes, you read it correctly). I spent half the summer sucking down cold drinks and the other half peeing them out. I had no energy, and I lost nearly 40 pounds (had gone from 155 pounds to 117). I couldn’t tighten my belt enough to keep my pants from falling halfway down—and that was before the pants-halfway-down-the-butt-look was considered cool. I also had cuts and scrapes from my summer job that seemed to last forever.


Then I saw an episode of M*A*S*H in which a helicopter pilot had diabetes. He was always thirsty and had wounds that were very slow to heal. The lightbulb went on! So, I decided it was time to see the family doctor.


The doctor’s office was only a ten-minute drive, so I was able to make it without having to stop to use a restroom. That summer, I learned where all the best public restrooms were along the I-59 corridor in southwest Houston. Interestingly, I could also see road signs clearly without my glasses. When I got to the doctor’s office, I put on my glasses, wiped off the Houston steam, and headed straight for the bathroom. Then I was ready to see the doctor.


After a quick physical exam, blood test and urinalysis, the doctor came back into the exam room and said nonchalantly, “Gary, I’ve got bad news, and I’ve got good news. The bad news is that you have diabetes. And you’re going to have it for the rest of your life.”






[image: image]

The skeleton on the left is me, out on a date the night of my diagnosis, almost 40 pounds (18 kg) underweight.








I have no idea what the good news was because I stopped listening at that point. The word “diabetes” stuck in my head. What the heck is diabetes? About all I knew was that it was making my body waste away and that it wasn’t going to go away. Ever. I wondered how much time I had left.




Note that, throughout the book, I’ll be providing glucose values in my customary US format (mg/dl) followed in parentheses by the format used in many other countries (mmol/l).





I remember his telling me that my blood sugar was over 600 mg/dl (over 30 mmol/l), and that this was six times the normal level. I also remember his saying that I would have to take shots of insulin and be very careful about what I ate. The thought of giving myself shots was one thing, but limit what I eat? Was he crazy? I was an active eighteen-year-old with the metabolism of a small country. And I LOVE food! The very thought of not being able to eat as much as I wanted whenever I wanted made me feel really depressed.


He referred me to an endocrinologist in downtown Houston for treatment. Keep in mind that the year was 1985, so getting in to see a specialist the same day was as easy as making a phone call.


“You are lucky to be diagnosed now,” explained the endocrinologist. “We have come a long way in the treatment of diabetes. I’ll bet that in five or ten years, your diabetes will be cured.”


I should have taken that bet.


I then met with a nurse who acted as my diabetes educator before they even had diabetes educators. She taught me the basics: what insulin is and why it is important. I learned how food and exercise affect blood sugar levels and what can happen if I don’t keep my blood sugars under control. I also found out why the high blood sugars turned me into a relentless peeing machine.
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Mean without the lean: Early disposable syringes used half-inch (13 mm), 28-gauge needles. FYI, the lower the gauge, the thicker and more painful the needle.








Finally, I was instructed on how to inject insulin. Forget about practicing on oranges and teddy bears. I gave myself my very first injection right in the stomach. It hurt—probably because I had almost no fat left on my body and the huge syringe needle probably entered muscle. But it also hurt because I was upset at the thought of having to do it for the rest of my life.


I was also given a bottle of test strips and taught about blood sugar testing. No meter, mind you—just test strips. These strips featured a square box that had to be covered with blood, blotted, and then timed before matching the color on the strip to the chart printed on the bottle. To the best of my memory, here’s how it read:




Faint blue meant you were 40–70 mg/dl (2.2–3.9 mmol/l)—a bit low


Light blue, 70–100 (3.9–5.6)—low normal


Ocean blue, 100–125 (5.6–6.9)—normal


Aqua blue, 125–150 (6.9–8.3)—slightly above normal


Plain aqua, 150–200 (8.3–11.1)—slightly high


Aqua green, 200–250 (11.1–13.9)—high


Sea green, 250–350 (13.9–19.4)—very high


Forest green, 350–450 (19.4–25)—very, very high


Brownish green—you don’t want to know





In other words, determining your blood sugar required an extremely sensitive eye for subtle differences in pastel shades. When I grew up, there were only eight crayons in my box of Crayolas and none of them was “sea green.” So, this was a little bit challenging.


The bottle of test strips came with a medieval torture device called an “Autolet.” The Autolet had a small disposable platform with a hole where you placed the victim—I mean, your finger. A thick, disposable 25-gauge lancet was placed in the firing mechanism, which swung around at a high speed like a pendulum to stab your finger and make it bleed. The lancet didn’t retract out of your finger the way it does with today’s devices; it stayed in until you pulled your finger away. I called it the “Guillotine.”


Then I met with a dietitian—a tiny, middle-aged woman who taught me the fine art of the “exchange” diet.
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The original Guillotine (I mean Autolet) for performing fingersticks








“You really don’t have to change what you eat that much,” she told me. “You just have to be careful not to eat too many sweets or starchy foods. And you’ll need to eat only at certain times of day.”


There’s nothing like telling someone they can’t have something, to make them crave it more than ever.


I can still remember the “generous” 2,500-calorie exchange diet she bestowed upon me. Keep in mind that I was a teenager who was very active and, at the time, considerably underweight. I was hungry ALL. THE. TIME. The exchange diet meant that everything I ate had to be placed in a category, and that I could only eat so many things from each category at each meal. And I was not to eat anything but “free foods” like salad vegetables and diet drinks between my regularly scheduled meals and snacks. My first exchange diet meal looked so depressing. One sandwich, a piece of fruit, a cup of milk, and a handful of chips. And there were no seconds, thirds, or fourths as I was used to.


The first couple of weeks were tough. I got used to the shots, but the fingersticks really hurt. Even after starving myself and doing everything I was asked to do, the stupid test strips kept turning aqua blue instead of sea green (or maybe it was the other way around). I cried a lot those first couple of weeks. My dad rarely shows emotion, but my mom told me that he cried, too, during that time because he wished it was he and not I who got diabetes.


Shortly after my diagnosis, I purchased my first blood glucose meter. It weighed about a pound and was the size of a brick. The testing procedure is still etched in my brain: Guillotine, then squeeze out a big “hanging” drop of blood, dab the big box on the strip, start the timer on the meter, wait one minute, blot the strip, insert it into the meter, press the button again, and wait ninety seconds for that 58 (3.2) or 314 (17.4) to appear on the screen.


That meter lasted about a year. Then LifeScan came out with its first OneTouch meter, and I jumped to get one. It was pretty cool compared to what I had before. No blotting, a round test area (covering a square box with a round drop of blood is not easy!), and only forty-five seconds from fingerstick to frustrating result. The new meter didn’t do much for my control, but I did have an extra five minutes a day to spend doing things other than waiting for blood sugar values.


My early insulin program, NPH and regular at breakfast and dinner, also presented a challenge. NPH was the long-acting insulin in vogue at that time; regular was the stuff used to cover meals. The regular insulin would peak in about two hours and last about six; the NPH would peak in six hours and last about twelve, although every day it seemed to have a mind of its own. Everyone at the endocrinologist’s office kept telling me the same thing: “You can live a normal life as long as you take your insulin.” But that meant that I would have to eat certain things at certain times of day, exercise (with caution) at certain times of day, sleep only at certain times because of the need to take shots at specific times, and test my blood sugar at certain times. What could be more normal than that?


Back in 1985, two shots a day was the norm. So was making your life conform to your insulin program. But things did improve over time. I was given a “sliding scale” for adjusting my regular insulin, which was a good thing because I started to sneak lots of extra “exchanges” into my meals and snacks. With all the exercise I did, I probably had as many lows as I had highs, so my glycosylated hemoglobin (precursor to the A1c) looked pretty decent. However, the low blood sugars were becoming more frequent and more severe, especially during the night.
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My first blood glucose meter, a.k.a. “the brick”












[image: image]

LifeScan’s OneTouch meter was a major improvement over earlier models.








When I returned to college in the fall, my new endocrinologist in St. Louis suggested that I move my dinnertime NPH to bedtime. Although that helped cut down on the nighttime lows, like a domino effect, I started having more lows before lunch.


My OneTouch meter got a lot of use through college. It went with me everywhere, and I used it a lot. People would stare at me in class and in the dining halls, dorm lounges, and library whenever I would check. I still can’t understand why. What could be more normal than pricking your finger, squeezing it until blood comes dripping out, and then putting the blood into a little machine?


Before dinner, my friends would gather to wager on my blood sugar level. Everyone threw a dollar on the table, with the closest guess taking the loot. Some of them became pretty savvy with the whole diabetes thing. They would ask questions like “What did you eat for lunch?” and “Did you work out in the afternoon?” Talk about getting by with a little help from my friends! Stuff like that kept me from getting down about my diabetes.


In addition to the support of my friends, exercise was a key to helping me keep my emotional balance. I had always been into sports, but after being diagnosed with diabetes, my passion for staying in shape soared to a whole new level. Every day, I managed to find time for some form of exercise. If no one was available to play basketball or racquetball, I would go lift weights, ride my bike around the park, or jump rope in the dormitory lounge to the beat of Motown music. Exercising made me feel strong, fit, and in control of my own health despite having diabetes.


Unfortunately, low blood sugar often followed the emotional high I got from exercise. A month after starting my first postcollege job, I showed up for work in a complete daze. Some days, I couldn’t even remember getting dressed or driving to work. It was a miracle that I never drove to work naked and crashed into a tree. To make matters worse, I was no longer experiencing symptoms letting me know that a low blood sugar was coming. Gone were the good old days of shakes and cold sweats. Now mental confusion was the first noticeable sign that my blood sugar was dropping, and sometimes it was dropping so fast that I was unable to handle it on my own.


Thank God for my wife, Debbie, whom I met at college. She’s very good at knowing when to step in and when to let me do my own thing. I knew I would marry her after our first Valentine’s Day together. She learned a few things about diabetes and went out of her way to prepare a huge heart-shaped box filled with popcorn and pistachios. You know what they say: the way to a man’s heart is through his pancreas.


Debbie and I left St. Louis and moved to Chicago after we both graduated. It was there that I had the most severe low blood sugar of my life. It came in the middle of the night after playing basketball the prior evening. Debbie told me that I was pale and completely unresponsive, and my limbs were jerking uncontrollably. She called the paramedics, and according to the reports, I fought them off pretty well while they were trying to put an IV into my arm. When I finally regained consciousness, Debbie was standing next to me with an exhausted, worried look on her face. I looked to the side and saw tubes coming out of my arm. I also saw blood. My blood. On the pillow, on the sheets, on the floor—everywhere. That experience really shook me up.


While in Chicago, I had the privilege of meeting with an exercise physiologist who worked part-time as a consultant at a nearby diabetes clinic. He had diabetes himself and gave me some suggestions about eating extra food at bedtime and self-adjusting my long-acting insulin to prevent the nighttime lows after exercise. Why had nobody ever taught me these types of tricks? That exercise physiologist opened my eyes to the concept of adjusting my insulin doses based on the situation. But he did much more. He set me on an entirely new career path. I liked his approach so much that I decided to become an exercise physiologist myself and focus on helping others with diabetes. So what if there were no full-time jobs for exercise physiologists at diabetes centers? I loved to exercise. I had diabetes. And I was on a mission to help others who were as frustrated as I was. So, I went back to school, earned my master’s degree in exercise physiology, and landed a gig with the Joslin Diabetes Center in Philadelphia.


Being a New York/New Jersey native, Philadelphia seemed close enough to home—and it had its own NBA, NFL, and MLB franchises (I don’t think I could live in a city that didn’t have those). So, we packed up the car and moved to Philly, where I became the Joslin Center’s full-time exercise guru. I have to admit: my office was pretty cool. It had weights, treadmills, bikes, workout videos, and a great view of the sports complex in South Philly. The only thing better than my office was the clinical team that I had the honor to work with. The doctors, nurses, dietitians, and psychologists were heavily into the concept of flexible insulin dosing and self-adjustment. I cross-trained with them at every opportunity and absorbed as much as I could about the many facets and nuances of diabetes care.


Perhaps the greatest breakthrough in my own self-care was my decision in 1994 to try an insulin pump. None of the patients at our Joslin clinic was using one yet, but there was mounting interest. As the only clinician with type 1 diabetes (T1D), I was the designated guinea pig.


I’ll never forget how nervous I was the day I was trained on how to use my first pump. There were about twenty clinical specialists watching my every move. My first infusion set, the apparatus that delivered the insulin from the pump into my body, was a steel needle (the needle stayed in all the time). Soon, a flexible plastic infusion set became available, followed by a set that could be disconnected and reconnected easily. Before that, you had to stay connected to the pump all the time—during showers, sports, sex, and so on.


The pump was very simple compared to today’s models. Nevertheless, just having the ability to adjust basal insulin levels and fine-tune mealtime doses down to the tenth of a unit really helped stabilize my blood sugar levels. For the first time in almost ten years, I could sleep past 8:00 a.m. without having my blood sugar skyrocket. I could delay my lunch without crashing. And best of all, I could work out to my heart’s content without dropping low in the middle of the night every time. In fact, I haven’t had a single severe low blood sugar episode since starting on the pump thirty years ago.
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My first insulin pump, the MiniMed 506








With pump therapy came a new and revolutionary approach to dietary management: carb counting. By counting the grams of carbohydrates in my meals and snacks, I could eat as much as I chose, as long as I covered it with the correct dose of insulin. The introduction of rapid-acting insulin analogs (lispro/Humalog, then aspart/Novolog/NovoRapid, then glulisine/Apidra) in the late 1990s and early 2000s also had a positive impact on my diabetes management. Unlike regular insulin, which takes thirty minutes to start working, two to three hours to peak, and five to six hours to fade, the rapid-acting analogs start working in fifteen minutes, peak in about an hour, and only last three to four hours. They do a much better job of covering the rapid blood sugar rise that takes place after meals, so blood sugars don’t spike quite so high.


Of course, several other important developments came along, such as blood glucose meters that take less than half a microliter of blood and produce very accurate readings in five seconds, adjustable lancing pens with lancets that are microthin and virtually painless, at-home kits for testing ketones in a blood sample, and insulin pumps that can practically do your taxes.
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The very first continuous glucose monitor (a.k.a. “the black box”), circa 2003








I began using a continuous glucose monitor (CGM) back in 2003, when the receiver was connected to your body by way of a cable and the information was kept secret until you removed the sensor (a wire that stayed in your body for three days) and downloaded the device to a computer. Over time, the accuracy of CGMs has improved to the point that they can replace fingersticks; calibration has become optional or minimal; data transmit wirelessly to various pumps, phones, and handheld devices; information displays in real time and is shareable with loved ones; and a variety of customizable alerts can be used to guard against high and low glucose levels.


Personally, I’ve found CGMs to be the best thing since sliced sourdough bread (you’ll learn about the magical powers of sourdough bread in Chapter 9). I love the fact that I rarely have to prick my finger, and the alerts have saved me from many highs and lows. Perhaps the best thing about them is that they provide context to glucose values. Knowing that you’re 100 (5.5) is one thing; knowing that you’re 100 (5.5) and dropping or rising is another entirely. I was officially sold on CGMs when I completed a 10-mile run, the Broad Street Run in Philadelphia. I ran the entire course with my CGM receiver held tightly in my fist, glancing at it as I approached each water station to see whether I needed to grab something with sugar in it. My control was immaculate, and I finished the race without having to stop once.


About ten years ago, I decided to experiment with non-insulin medications to further enhance my glucose management. The first was Symlin—an injectable medication approved by the US Food and Drug Administration (FDA) in the treatment of type 1 diabetes. Symlin is actually amylin, a hormone normally produced by the beta cells of the pancreas (and lacking in those of us with type 1 diabetes). Symlin reduces appetite and slows digestion so that glucose levels don’t spike too high right after eating. The combination of rapid-acting insulin and Symlin worked wonders. Gone were the 200 (11)–plus blood sugars right after eating; instead, the postmeal readings stayed remarkably stable. Symlin also kept me from grazing between meals, which is a problem for anyone with diabetes.


Unfortunately, Symlin had its share of drawbacks, including some pretty intense nausea and difficulty treating hypoglycemia. So, I tried an oral SGLT-2 inhibitor and later a GLP-1 receptor agonist (don’t sweat it—these medications will all be explained in detail in Chapter 3). The GLP-1 medication has worked nicely to keep my appetite somewhat controlled, so I continue to use it to this day.


I’ve also dabbled with inhaled insulin (Afrezza) to cover very high glucose levels and rapidly digesting foods. I’ve been impressed with Afrezza’s superquick onset and clearance. However, the large dose increments and need to administer doses two or three times for slowly digesting meals have kept me from making Afrezza a part of my regular routine. One other area of experimentation has involved micro-dosing glucagon for treatment of mild hypoglycemia (when I don’t feel like eating) as well as prevention of hypoglycemia during exercise. This and most of the other medications I’ve tried are considered “off-label” uses of the drugs—applying them for conditions/situations other than those for which they are approved. It is a bit risky, but I’m willing to do so in order to learn as much as I can about them before discussing them with my clients.


The latest innovation that has me doing backflips (not literally… I’m a jump shooter, not a gymnast) is semi-automated insulin delivery (AID). This involves an insulin pump, a continuous glucose sensor, and an algorithm (computer-like program) that self-adjusts certain aspects of the pump’s insulin delivery so as to keep glucose levels close to normal as much as possible. There are several AID systems on the market—systems developed by major pump companies that have been tested and deemed safe by government experts—and I have tried them all. But my go-to system is called Loop. Loop is a smartphone application developed by some of the sharpest people in the diabetes online community. It is “built” using open-source software, so it is free and very customizable. Although not approved by the FDA (using it makes me feel like a rebel!), Loop has given me the best glucose control I’ve experienced in forty years.


A.I.D. Insight




Throughout this book, you will see “A.I.D. Insight” boxes that contain information unique to users of automated insulin delivery systems, such as Medtronic 780G, Tandem Control IQ, Omnipod 5, and open source/DIY systems, such as Loop. If there is one thing we’ve learned about AID systems, it’s that you can’t count on them to do it all. They help offset dosing errors and unforeseen circumstances, but quality management still requires a user who Thinks Like a Pancreas.
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Me and my Loop app, 2019








Thinking Like a Pancreas does not mean achieving perfect glucose control. It means doing the best we can with the tools and technologies available to us. Matching insulin to our ever-changing/evolving needs, and living a very high-quality life while we do it, is what it’s all about.


As excited as I am about how far we have come in diabetes care and treatment, I can’t help but think about how confident my original endocrinologist was back in 1985 that we would have a cure within five to ten years. Research is progressing at a rapid pace. We’re closing in on a cure from multiple angles: A true artificial pancreas (full closed-loop) system. Islet cell transplants. Novel immunotherapies. Even “smart” insulin that only works when needed. The cure will arrive someday, but we can’t sit around waiting for it to happen. We have to take care of ourselves here and now, because our long-term health and short-term quality of life depend on it. So, support research efforts wherever and whenever possible, but think like a pancreas while you’re at it.


Here’s hoping I never have to write a fifth edition.




CHAPTER HIGHLIGHTS [image: image]





[image: image] It is easier to learn from stories and experiences than from facts and figures.


[image: image] My diagnosis took place in 1985 in Sugarland, Texas. God’s honest truth.


[image: image] Just as we evolve as people, so must our diabetes management.


[image: image] We can laugh at the treatments of the past, but someday we’ll be laughing at today’s treatments just the same!





















CHAPTER 2



Tackling Fuel




You’re the meaning in my life


You’re the inspiration


—Chicago





I really enjoy movies that make me think. Every time I watch The Godfather or Citizen Kane, I discover some new reference or symbolism. I also love movies that don’t make me think. Flicks that just let me sit back and enjoy. One that comes to mind is The Waterboy. Adam Sandler plays a simple-minded young man named Bobby Boucher who has one job: keep the football players who are bullying and insulting him well hydrated. When the coach realizes that Bobby has the innate ability to tackle players anytime he (or his momma) is insulted, he encourages Bobby to use this to his advantage. To use the insults as his “Tackling Fuel.”


We all need Tackling Fuel for different reasons. Some use their paycheck as incentive for getting up and going to work. Others use swimsuit season as motivation for getting to the gym. And then there are those of us who are willing to listen to their partner prattle on about their day if it might lead to a little carnal pleasure.


Managing diabetes takes work. Every day includes a series of repetitive tasks, decisions, costs, and time. And what do we get from it? My friend and colleague Dr. William Polonsky put it eloquently: “We work and work at it so that one day, hopefully, nothing will happen.”


So, why bother? Why make all the sacrifices? This calls for some Diabetes Management Tackling Fuel! We all need reasons for investing our time and energy into anything worthwhile. The good news is that there are so many ways we benefit from managing our diabetes—benefits that many people aren’t even aware of. Some of the benefits appear right away, whereas others take time. Read through the following section and see whether anything catches your interest. If it means something to you, then that’s your Tackling Fuel.


What’s in It for You Now


We’ll get to the long-term benefits of diabetes management soon enough. What motivates most people is immediate gratification. Not next year. Not tomorrow. RIGHT NOW. Here is just a partial list of ways you can be rewarded immediately for managing your diabetes.


Immediate Benefits of Diabetes Control




[image: image] increased energy


[image: image] more restful sleep


[image: image] improved physical performance


[image: image] appetite reduction


[image: image] brainpower


[image: image] stable moods and emotions


[image: image] fewer illnesses


[image: image] faster healing


[image: image] softer skin, healthier gums


[image: image] personal safety


[image: image] predictable periods


[image: image] cash in your pocket





Let’s take a more detailed look at each of these.



Increased Energy


Raise your hand if you like being tired all the time. Okay, raise your hand if you’re too tired to raise your hand. Elevated glucose (we’ll refer to “blood sugar” as “glucose” from here on) reduces energy levels. High glucose means that fuel that was meant to provide energy for your body’s cells is stuck in the bloodstream, kind of like when clouds block the sun and keep it from reaching solar panels. This shortage of fuel inside the body’s cells causes sleepiness and sluggishness. Even if the glucose is only elevated temporarily, the lack of energy will be noticeable. As soon as the glucose level returns to normal, energy levels usually improve. Low glucose (hypoglycemia) can also take a toll on one’s energy, both physically and mentally.


More Restful Sleep


We all know how important a good night’s sleep is for feeling good and being productive the next day. Sleep is necessary for allowing the brain to clear out the clutter from the previous day and prepare for new information and adventures. Getting sufficient sleep is also linked to appetite control. Production of the hunger-controlling hormone leptin is diminished with poor sleep quality.


Glucose levels directly affect the quality of your sleep. Hypoglycemia during the night stimulates adrenaline production, which usually causes wakening. You might also wake up during the night if your glucose is high (typically above 180 mg/dl, or 10 mmol/l). This is caused by urine diuresis: the kidneys can’t keep all that extra sugar in the bloodstream. It spills over into the urine and drags a lot of water along with it. As the bladder fills, the brain becomes stimulated to the point that we can’t enter deep sleep. Spending more time in your target glucose range is associated with more time spent in deep and restful stage 3 (REM) sleep in children and adults.



Improved Physical Performance


Whether you’re an elite athlete or just hoping to make it up a flight of stairs without gasping for breath, glucose control has an immediate impact on your physical abilities. Elevated glucose can reduce your strength, flexibility, speed, and stamina.




Keeping blood sugar near normal will improve your strength, speed, flexibility, and stamina.





Glucose is our muscles’ preferred fuel during the early stages of exercise. Short-term and power movements rely on ready access to glucose from glycogen, a concentrated form of sugar stored within muscle cells. When glucose can’t enter muscle cells due to a lack of insulin, glycogen stores become depleted. Extra glucose in the bloodstream also leads to something called glycosylation (sticking of sugar) to connective tissues like tendons and ligaments, thus limiting their ability to move through the full range of motion. Muscle stiffness, strains, and pulls are common in people with chronically elevated glucose levels. Excess glucose in the spaces between cells can interfere with the connections between muscles and nerves, resulting in slower reaction times and blunted reflexes. And extra glucose in the bloodstream limits our red blood cells’ ability to deliver oxygen to our muscles. This can cause fatigue and limited cardiovascular/aerobic capacity. Dehydration and cramping are also common side effects of hyperglycemia.


With glucose levels near normal, your reaction times will be quicker and you will recover from injuries more rapidly. Many of my patients have tracked their performance in a variety of sports and have achieved the best results when their glucose is in the 80–140 mg/dl range (4.5–8 mmol/l). Overall, you’re likely to see improved performance in all sorts of physical activities—from carrying groceries to playing soccer to lovemaking—when your glucose levels are near normal.



Appetite Reduction


This might sound totally bass-ackwards, but high glucose can actually make us crave more food—especially carbohydrate-rich foods. Remember, the amount of sugar in the bloodstream is not what counts, but rather the amount that gets into our cells. And if not enough is getting into our cells, hunger will ensue. At the other extreme, hypoglycemia is known to induce ravenous wolflike hunger. So, controlling glucose levels is a good way to keep your appetite in check—important for anyone trying to lose weight, maintain their weight, or avoid excessive between-meal snacking.


Brainpower


High and low glucose limits our ability to focus, recall information, perform complex tasks, and be creative. Research studies have repeatedly and consistently shown that as glucose levels go up, so do mental errors and the time it takes to perform basic tasks. Brain “processing speed” gets worse as glucose levels go up. Trying to perform mental work with high glucose is kind of like trying to run today’s software on a computer from the 1990s. Wide variations in glucose levels, such as postmeal spikes, have also been shown to hinder mental function. Likewise, if glucose levels are too low (typically below 55 mg/dl or 3 mmol/l), the entire nervous system lacks the fuel it needs to operate correctly. So, if you want to perform as well as possible at work, in school, or in a friendly round of Call of Duty, keep those glucose levels close to normal.


A Charming Personality


Besides intellectual performance, the brain is also responsible for maintaining emotional balance. Like it or not, our moods can change along with our glucose levels. If you don’t believe me, ask those around you! High glucose levels can cause irritability, impatience, and negative feelings. And low glucose can alter behavior in ways you never expected. People who are normally stoic and conservative can become chatterboxes. And people who are normally outgoing might shy away from conversation. Keeping your glucose levels in a healthy range can go a long way toward improving your mood and social skills. I’m not saying that you will become an instant “cool kid,” but your interactions with your family, friends, coworkers, classmates, and even complete strangers can be more positive.


Fewer Illnesses


Bacteria and viruses love sugar. They gobble it up and use it to grow and make baby bacteria and baby viruses (which, by the way, love sugar too). When blood glucose levels are up, the amount of sugar in virtually all our body’s tissues and fluids rises as well. This makes an ideal breeding ground for infection. Think of it as “aiding and abetting the enemy”—supplying extra nutrients to the bad guys. Everything from COVID-19 to common colds to sinus infections to flu and urinary tract infections are more common when glucose levels are elevated. And once illnesses and infections set in, they are much harder to fight off when glucose is high. People with better glucose control spend significantly fewer days absent from work, sick in bed, and restricted from their usual activities.


Faster Healing


Whether you’re recovering from major surgery, a minor scrape, or soreness from a hard workout, tight glucose control helps facilitate the healing process. In addition to reducing the risk of infection, glucose management is essential for keeping the body’s repair mechanisms working properly.


Softer Skin, Healthier Gums


Two parts of the body that are affected immediately by changes in glucose levels are the skin and gums. Skin is influenced greatly by our level of hydration. When blood sugars are high, skin tends to become dry and cracked. Not only can this be uncomfortable and unsightly, but it also sets us up for potential infections, since the skin is the first line of defense against harmful bacteria. Keeping glucose levels in a healthy range prevents dehydration and keeps our skin soft and intact.


Changes in glucose levels also immediately affect our gums. Bacteria that live below the gumline grow quickly when exposed to glucose in the blood vessels that nourish the gums. These bacteria then produce plaque at an accelerated rate, contributing to bleeding gums and loose teeth (periodontal disease). Controlling your diabetes will help cut back on plaque buildup almost immediately.


Personal Safety


If you happen to drive a car, operate power equipment, play a sport, or just walk across the street from time to time, having high and low glucose levels can put you and those around you at risk. We have already discussed how high glucose can cause sleepiness and slow reaction times (a recipe for disaster when driving), but hypoglycemia can be even more dangerous. Hypoglycemia can happen to anyone taking insulin, even if it’s just once daily. It can also occur in those who take diabetes medications that cause the pancreas to produce extra insulin (sulfonylureas and meglitinides). Glucose levels below normal will almost always cause cognitive impairment. Decision-making and judgment will be off. Coordination suffers, and trembling can occur. To keep yourself and those around you safe, keep your glucose levels within your target range as much as possible.


Predictable Periods


Research has shown that women with near-normal HbA1c levels tend to have more consistent, regular menstrual cycles compared to women with an elevated A1c. And with predictability comes power. As you will learn later in this book, the ability to predict events that influence glucose levels, such as menstrual cycles, makes it easier to effectively adjust and keep glucose levels within range.


Cash in Your Pocket


Health care is getting more expensive all the time. Even if you have good health insurance, the deductibles and co-pays associated with emergency/acute care and treating routine illnesses can really add up. And don’t forget time lost on the job or in school when dealing with diabetes-related issues. Improved glucose management can save you thousands of dollars annually.


What’s in It for You Later?


They say the one thing that separates us from the animals, besides the opposable thumb, is the ability to delay gratification. Working and sacrificing today for long-term rewards. Things like investing money. Getting an education. Changing the oil in the car. “Tanking” to get high draft picks in order to win an NBA title. Okay, that last one didn’t work out so well for my Philadelphia 76ers, but you get the idea.


Glucose (sugar) is a good thing. It is an excellent source of energy, and let’s be honest: it tastes pretty good too. But too much of a good thing can cause problems. Glucose levels that are too high over a period of many years cause damage to virtually every major organ and system in the body. Glucose acts like cement in blood vessels, contributing to hardening and narrowing of arteries. It sticks to proteins in the bloodstream and causes them to act abnormally. And wide swings in glucose levels contribute to something called oxidative stress, which contributes to inflammation. But there is good news. Major multicenter research studies, such as the Diabetes Control and Complications Trial (DCCT) and the United Kingdom Prospective Diabetes Study (UKPDS), have proved beyond a shadow of a doubt that glucose control does make a difference.


Maintaining a hemoglobin A1c (HbA1c, or simply A1c) as close to normal as possible has been shown to greatly reduce the many long-term health risks associated with diabetes. For those who prefer to measure their glucose using a CGM, the same can be said for the mean (average) glucose level, sometimes called the glucose management indicator (GMI). In addition, minimizing glucose variability (swings into extreme high and low glucose ranges) has a stabilizing effect on blood vessels and the bodily organs they nourish.


Of course, there are going to be some ups and downs when it comes to blood glucose levels; we’re not yet at the point at which perfection is possible. But over the long term, if you take good care of your diabetes and manage it reasonably well, you stand an excellent chance of avoiding long-term health problems. If the thought of being healthy for years to come, long after a cure for diabetes is finally found, you’ll want to manage your diabetes as well as possible. Given the many health problems that can result from uncontrolled diabetes, there should be more than enough “Tackling Fuel” to keep you inspired for years to come.


Long-Term Benefits of Glucose Management
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Keen Eyesight


In the back of the eye is a sensitive layer of cells called the retina. Like the film in a camera, the retina receives light from the outside world and transmits signals to the brain to produce vision. Many small blood vessels (capillaries) provide the cells of the retina with oxygen and nutrients. Elevated glucose in the blood makes these capillaries very fragile. They can swell, leak, or close off. When areas of the retina fail to receive adequate oxygen and nutrients, new weak capillaries start to grow and may block light from reaching the retina. This is called diabetic retinopathy.


Diabetes is the leading cause of blindness among adults over age twenty. Diabetic retinopathy accounts for more than twenty thousand cases of blindness each year. Glaucoma, cataracts, and corneal disease are also more common in people with diabetes, and they contribute to the high rate of blindness.


The good news is that tight glucose control reduces the risk of retinopathy. The DCCT trial showed a 30 percent reduction in the risk of retinopathy for every one-point reduction in A1c (corresponding with approximately a 30 mg/dl or 1.7 mmol/l reduction in average glucose). And for those with existing retinopathy, tightening glucose control and reducing glucose variability slows the progression significantly.


Fabulous Filters


Visit any kidney dialysis center, and check the charts of the people who sit there for hours a day with tubes in their arms so that their blood can be siphoned out, pumped through machines, filtered of impurities, and pumped back in. Diabetes. Diabetes. No diabetes. Diabetes. Diabetes.


You get the idea.


Diabetes is the leading cause of kidney failure. More than fifty thousand Americans with diabetes begin treatment for end-stage renal disease each year. Elevated glucose does damage to the tiny blood vessels (capillaries) that form and nourish the filters within the kidneys. The good news is that managing diabetes reduces the risk of kidney disease dramatically. As was the case with retinopathy, every 30 mg/dl (1.7 mmol/l) drop in average glucose leads to a 30 percent reduction in kidney disease risk.


Heart Health


Despite the long list of health problems diabetes can cause, heart disease is what ultimately kills the majority of people with diabetes. People with diabetes are two to four times more likely to develop heart disease and five times more likely to die from heart disease compared to people without diabetes. Why? Having excessive amounts of sugar in the bloodstream causes problems. Sugar is a sticky substance (think of the last time you ate cotton candy or spilled some juice). It makes fats and cholesterol stick to the walls of blood vessels, causing the formation of plaques. These plaques make the blood vessels thick and rigid—a condition known as atherosclerosis. When pieces of plaques break off, clots can develop, restricting blood flow to vital organs, such as the heart.


The good news is that improving glucose control reduces the risk of heart disease dramatically. Besides eliminating a great deal of the “cement” that clogs up blood vessels, it allows the proteins in the bloodstream to act normally. And don’t forget: the things we do to manage diabetes, such as exercising, eating healthier, and cutting back on stress, also reduce our risk for heart disease.


Sound Circulation


Besides the heart, a number of other vital body parts require large amounts of oxygen and nutrients. The brain, for example. When blood vessels leading to the brain become clogged, the brain does not receive enough oxygen, and brain cells begin to die. This is called a stroke. The risk of stroke is two to four times higher among people with diabetes.


The muscles in the legs also depend on significant blood flow, particularly during exercise. When blood vessels serving the leg muscles become clogged and oxygen delivery is limited, pain or cramping can occur when exercising, walking, or simply standing. This is called claudication. Blood vessel disease in the legs is twenty times more common in people with diabetes. Some degree of claudication occurs in 45 percent of people who have had diabetes for more than twenty years.


Again, the good news is that tightening glucose control, along with all the other healthy lifestyle choices that come with managing diabetes, will improve circulation to vital body parts.


Strong Connections


Our nervous system serves as the “wiring” (for lack of a better phrase) for our body. More specifically, the autonomic portion of our nervous system controls behind-the-scenes functions, including heart rate, digestion, temperature regulation, balance, and sexual function.


Nerves are like any other living cells of the body: they burn sugar for energy and require steady blood flow for oxygen and nutrients. Elevated glucose levels cause two problems for nerves: they interfere with the blood supply, and energy metabolism is altered, such that the nerves swell and lose the waxy coating that normally provides insulation for the nerve fibers. Damage to the nerves that regulate basic body functions is called autonomic neuropathy.


Population-based studies have shown that 60–70 percent of people with diabetes will develop some form of nerve damage in their lifetime. Nearly 50 percent of all men with diabetes develop impotency, due mainly to malfunction of the nerves that help produce an erection. Women with diabetes are more likely to suffer from vaginal dryness. Delayed digestion (gastroparesis) affects nearly 30 percent of people with diabetes. This condition can cause painful bloating, and the altered rate of digestion can make glucose levels even more difficult to control between meals. Postural hypotension (low blood pressure upon sitting or standing) is twice as common in people with diabetes, as is excessive sweating (hyperhidrosis).


Glucose management is one of the only known techniques for preventing all forms of autonomic neuropathy. And here’s more good news for those who already have neuropathy: it may regress slightly or cease to progress further once blood sugar levels move toward normal.



Freedom from Pain


As mentioned previously, 60–70 percent of all people with diabetes develop some form of nerve damage in their lifetime. Most develop a form called peripheral neuropathy—malfunction of the nerves in the extremities such as the feet and lower legs. In its early stages, peripheral neuropathy takes the form of tingling or numbness. But as it progresses and nerve inflammation worsens, it can cause constant and sometimes severe pain. Although there are a number of conventional medical and alternative treatments for painful neuropathy, many people find little or no relief.


The good news is that tight glucose control can help minimize the pain, slow the progression of painful neuropathy, and prevent it from developing in the first place.


Fit Feet


Neuropathy, combined with poor circulation, can lead to foot infections and deformities. When you cannot feel a minor foot injury such as a bruise, burn, cut, or callous and continue to put pressure on that injured part, the injury worsens. If there is also inadequate blood flow to the injured area, an infection can develop easily. As the infection spreads into the underlying tissue and bone, portions of the foot succumb to cell death—a condition known as gangrene. Sometimes the only way to keep gangrene from spreading is to amputate the infected body part.


Foot deformities can develop when the nerves that coordinate complex movements in the feet fail to do their job. We may put pressure on inappropriate (or injured) spots, thus causing further damage that goes unnoticed because of a lack of pain sensation.


Each year, more than eighty thousand people with diabetes require lower-limb amputations. Diabetes causes more amputations than all other causes combined, and loss of protective nerve sensation is the most critical factor. Even more disturbing is the fact that most people with diabetes will pass away within three years of a toe, foot, or limb amputation.


The good news is that tight glucose control helps preserve healthy nerve function and blood flow to the feet. Keeping glucose levels near normal also allows the body to fight infection. That’s really good news for those looking to prevent foot problems as well as those dealing with existing foot ailments.


A Sound Mind


Having diabetes increases the risk of cognitive impairment. Duration of diabetes and poor glucose control are both associated with diminished brain function. Alzheimer’s disease is a progressive and fatal disease that affects brain cells, causing problems with memory, thinking, and behavior. Today, Alzheimer’s is the sixth-leading cause of death in the United States, affecting more than five million Americans. Currently, there is no cure for Alzheimer’s, although research has found ways to slow its progression.


It was recently discovered that uncontrolled diabetes is a risk factor for Alzheimer’s. Damaged blood vessels in the brain are believed to play a major role. Uncontrolled diabetes, which contributes to blood vessel damage, greatly increases the risk of the disease. The good news is that people with diabetes who keep their glucose levels near normal are at no greater risk of developing Alzheimer’s than people without diabetes.


Flexible Joints


Joint mobility problems, including frozen shoulder, trigger fingers, and clawed hands, affect approximately 20 percent of people with diabetes. At the root of joint mobility problems is high glucose. Excess sugar sticks to collagen, a protein found in bones, cartilage, and connective tissue throughout the body. When collagen becomes sugarcoated, it thickens and stiffens, forming adhesions between adjoining muscles. This keeps joints from moving smoothly through the full range of motion. In addition to limiting movement, it can also cause pain in the joint.


The good news is that keeping glucose levels near normal reduces the risk of joint mobility problems. If you already have limited range of motion in your shoulders, hands, fingers, or any of your joints, lowering your glucose levels may help improve your range of motion and limit the pain associated with stiff joints.


A Positive Outlook


Glucose levels have an effect on one’s state of mind. It is common to feel down when glucose levels are up. Depression is three times more common in adults with diabetes than it is in the general population. The mechanism for this increased risk is not entirely understood. It could be related to the extra stress associated with living with a chronic illness. But because depression is usually related to a biochemical imbalance, elevated glucose in the fluid surrounding the brain may also play a role.


The good news is that improving your blood sugar can make you a happier person. Researchers at the Harvard Medical School and the Joslin Diabetes Center studied the effects of glucose control on mood and disposition. They found that people with lower glucose levels reported a higher overall quality of life, with significantly better ratings in the areas of physical, emotional, and general health, as well as vitality.


Successful Pregnancy (or Two or Ten)


Decades ago, women of child-bearing age who had diabetes were discouraged from trying to have children because of the complications it posed for both the mother and child. Today, people with diabetes can have successful pregnancies and healthy babies. In fact, people who control their diabetes tightly throughout pregnancy face almost identical risks as those who do not have diabetes.



Optimal Growth


Height has its advantages in athletics, social settings, and definitely when trying to watch a parade. During one’s growth years, glucose control has a significant influence on growth. Poor glycemic control delays pubertal development and reduces one’s final height. Muscles and bones elongate the most when glucose levels are well controlled. Optimizing glucose control during childhood and adolescence allows each person to reach their maximum height potential.


So, that’s pretty much the situation. Who would have thought that something as basic as glucose levels in the bloodstream affect so many aspects of our physical, mental, and emotional well-being? Improving your glucose control will enable you to feel and perform better today and enjoy a longer, healthier, high-quality life.


If you need a bit more motivation, there are countless examples of people with diabetes who have achieved tremendous success in life:




[image: image] pro athletes, such as Mark Andrews, Jay Cutler, Catfish Hunter, Bobby Clarke, Chris Dudley, Michelle McGann, Kris Freeman, Gary Hall Jr., Tony Conigliaro, Joe Frazier, Ryan Reed, Charlie Kimball, and Cathy Freeman


[image: image] entertainers, such as Mary Tyler Moore, Nick Jonas, Vanessa Williams, Sharon Stone, Bret Michaels, Zippora Karz, Halle Berry, Anne Rice, and Ella Fitzgerald


[image: image] political leaders, such as Theresa May, Sonia Sotomayor, and Menachem Begin


[image: image] other celebrities, such as Nicole Johnson (former Miss America), Kalilah Allen-Harris (former Miss Black USA), and Doug Burns (former Mr. Universe)





If you still haven’t found your Tackling Fuel, how about a little something called PRIDE? Managing diabetes isn’t easy. Doing so while also tending to all of life’s other responsibilities is a major accomplishment, and something you should be very proud of. There is something therapeutic about putting in a solid effort.


There will be a cure for diabetes someday. It may not come in five years (as my first endocrinologist proclaimed nearly forty years ago), but when the day finally arrives, let’s be in the best shape possible and not have any regrets.


Now, let’s get to work.




CHAPTER HIGHLIGHTS [image: image]





[image: image] Managing diabetes takes work and sacrifice. There is no getting around that.


[image: image] There are many immediate benefits from managing diabetes, including physical and intellectual performance, emotional stability, safety, energy, better sleep, fewer illnesses, and a sense of well-being.


[image: image] The long-term complications of diabetes can be devastating, affecting virtually every part and system of the body.


[image: image] Tightening glucose control dramatically reduces the risk of developing long-term complications and slows the progression of existing complications.
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