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Today, nearly one in 10 Americans has diabetes, and complications from diabetes are now the
seventh leading cause of death in the United States. Rates of type 2 diabetes are on the rise,
despite the fact that it's considered a highly preventable condition.What You Need to Know
about Diabetes is a part of Greenwood's Inside Diseases and Disorders series. This series
profiles a variety of physical and psychological conditions, distilling and consolidating vast
collections of scientific knowledge into concise, readable volumes. A list of "top 10" essential
questions begins each book, providing quick-access answers to readers' most pressing
concerns. The text follows a standardized, easy-to-navigate structure, with each chapter
exploring a particular facet of the topic. In addition to covering basics such as causes, signs and
symptoms, diagnosis, and management options, books in this series delve into issues that are
less commonly addressed but still critically important, such as effects on loved ones and
caregivers. Case illustrations highlight key themes discussed in the book and are accompanied
by insightful analyses and recommendations.

About the AuthorTish Davidson, AM, is a medical writer specializing in making technical
information accessible to a general readership. She is author of Vaccines: History, Science, and
Issues and The Vaccine Debate. --This text refers to the hardcover edition.

http://www.neutronbyte.com/api/Wa18oYTP/e/Jpjo/OPMw/NyvBa/What-you-need-to-know-about-Diabetes-Inside-Diseases-and-Disorders


What You Need to Know about Diabetes

Recent Titles in Inside Diseases and DisordersWhat You Need to Know about
AutismChristopher M. CumoWhat You Need to Know about ADHDVictor B. StolbergWhat You
Need to Know about ALSHarry LeVine IIIWhat You Need to Know about Eating
DisordersJessica Bartley and Melissa Streno

What You Need to Know about DiabetesTish DavidsonInside Diseases and Disorders

Copyright © 2020 by ABC-CLIO, LLCAll rights reserved. No part of this publication may be
reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording, or otherwise, except for the inclusion of brief quotations in
a review, without prior permission in writing from the publisher.Library of Congress Cataloging-in-
Publication DataNames: Davidson, Tish, author.Title: What you need to know about diabetes /
Tish Davidson.Description: Santa Barbara, California : Greenwood, an imprint of ABC-CLIO,
[2020] | Series: Inside diseases and disorders | Includes bibliographical references and
index.Subjects: LCSH: Diabetes. | Diabetes—Treatment. | Diabetics—Family
relationships.Classification: LCC RC660 .D375 2020 (print) | LCC RC660 (ebook) | DDC
616.4/62—dc23LC record available at https://lccn.loc.gov/2019059989LC ebook record
available at https://lccn.loc.gov/2019059990978-1-4408-6861-0 (ebook)242322212012345This
book is also available as an eBook.GreenwoodAn Imprint of ABC-CLIO, LLCABC-CLIO, LLC147
Castilian DriveSanta Barbara, California 93117This book is printed on acid-free paper
Manufactured in the United States of AmericaThis book discusses treatments (including types
of medication), diagnostic tests for various symptoms, and organizations. The authors have
made every effort to present accurate and up-to-date information. However, the information in
this book is not intended to recommend or endorse particular treatments or organizations, or
substitute for the care or medical advice of a qualified health professional, or used to alter any
medical therapy without a medical doctor’s advice. Specific situations may require specific
therapeutic approaches not included in this book. For those reasons, we recommend that
readers follow the advice of qualified health care professionals directly involved in their care.
Readers who suspect they may have specific medical problems should consult a physician
about any suggestions made in this book.

For Helen and Susan

ContentsSeries ForewordAcknowledgmentsIntroductionEssential QuestionsCHAPTER 1What
Is Diabetes?CHAPTER 2The History of DiabetesCHAPTER 3Causes and Risk
FactorsCHAPTER 4Signs and SymptomsCHAPTER 5Diagnosis, Treatment, and
ManagementCHAPTER 6Long-Term Prognosis and Potential ComplicationsCHAPTER 7Effects
on Family and FriendsCHAPTER 8PreventionCHAPTER 9Issues and ControversiesCHAPTER



10Current Research and Future DirectionsCase IllustrationsGlossaryDirectory of
ResourcesBibliographyIndex

Series ForewordDisease is as old as humanity itself, and it has been the leading cause of death
and disability throughout history. From the Black Death in the Middle Ages to smallpox
outbreaks among Native Americans to the modern-day epidemics of diabetes and heart
disease, humans have lived with—and died from—all manner of ailments, whether caused by
infectious agents, environmental and lifestyle factors, or genetic abnormalities. The field of
medicine has been driven forward by our desire to combat and prevent disease and to improve
the lives of those living with debilitating disorders. And while we have made great strides
forward, particularly in the last 100 years, it is doubtful that mankind will ever be completely free
of the burden of disease.Greenwood’s Inside Diseases and Disorders series examines some of
the key diseases and disorders, both physical and psychological, affecting the world today.
Some (such as diabetes, cardiovascular disease, and ADHD) have been selected because of
their prominence within modern America. Others (such as Ebola, celiac disease, and autism)
have been chosen because they are often discussed in the media and, in some cases, are
controversial or the subject of scientific or cultural debate.Because this series covers so many
different diseases and disorders, we have striven to create uniformity across all books. To
maximize clarity and consistency, each book in the series follows the same format. Each begins
with a collection of 10 frequently asked questions about the disease or disorder, followed by
clear, concise answers. Chapter 1 provides a general introduction to the disease or disorder,
including statistical information such as prevalence rates and demographic trends. The history of
the disease or disorder, including how our understanding of it has evolved over time, is
addressed in chapter 2. Chapter 3 examines causes and risk factors, whether genetic, microbial,
or environmental, while chapter 4 discusses signs and symptoms. Chapter 5 covers the issues
of diagnosis (and misdiagnosis), treatment, and management (whether with drugs, medical
procedures, or lifestyle changes). How such treatment, or the lack thereof, affects a patient’s
long-term prognosis, as well as the risk of complications, are the subject of chapter 6. Chapter 7
explores the disease or disorder’s effects on the friends and family of a patient—a dimension
often overlooked in discussions of physical and psychological ailments. Chapter 8 discusses
prevention strategies, while chapter 9 explores key issues or controversies, whether medical or
sociocultural. Finally, chapter 10 profiles cutting-edge research and speculates on how things
might change in the next few decades.Each volume also features five fictional case studies to
illustrate different aspects of the book’s subject matter, highlighting key concepts and themes
that have been explored throughout the text. The reader will also find a glossary of terms and a
collection of print and electronic resources for additional information and further study.As a final
caveat, please be aware that the information presented in these books is no substitute for
consultation with a licensed health care professional. These books do not claim to provide
medical advice or guidance.
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IntroductionDiabetes has reached near epidemic proportions. In 2017, 30.3 million Americans,
or 9.4 percent of the population, were diabetic. The disorder is big business. One can hardly turn
on the television without seeing advertisements for the latest glucose monitoring device or
newest drugs to manage the disorder. In 2017, the United States spent 12 percent of all health
care dollars—a whopping $727 billion—on diabetes care. These numbers are only expected to
increase because 84.1 million American adults, or one-third of the population, have a condition
called prediabetes. For many people, prediabetes will progress to full-blown type 2 diabetes.The
most common kind of diabetes, type 2 diabetes, is a stealthy disorder. Initially, it causes vague
symptoms such as fatigue, increased thirst, and more frequent infections, all of which develop
slowly and are often ignored. Even later symptoms such as blurred vision, cuts and bruises that
are slow to heal, and numbness in the hands and feet tend to be blamed on aging. No wonder
that, of the 30.3 million Americans with the disorder, almost one-quarter do not know they are
affected, and many others find out they have the disorder only incidentally when they go to the
doctor for a different complaint.Worldwide, the situation is no better. The International Diabetes
Foundation estimates that 425 million adults are diabetic. The greatest number of them are
between 40 and 59 years old. Even more disturbing is that half the people with diabetes don’t
know they have the disorder and receive no treatment. The number of diabetics worldwide is
projected to increase to 629 million by 2045, with the fastest rate of increase in low- and middle-
income countries.Diabetes can be confusing because it is not a single metabolic disorder. Only
about 5 percent of diabetics have type 1 diabetes. Type 1 is an autoimmune disorder in which
the body’s immune system is triggered to attack and kill the cells that produce insulin. Insulin
allows glucose, a simple sugar, to enter body cells where it powers all types of metabolic
activities. No insulin means no cellular activity. Death results unless insulin is supplied from an
outside source.About 95 percent of diabetics have type 2 diabetes. Their bodies still make some
insulin, but not enough, because their cells have become insulin resistant. Resistance makes it
more difficult for glucose to enter cells. Left untreated, glucose builds up in the blood and causes
complications throughout the body, such as increased risk of heart attack or stroke, nerve
damage, kidney damage, and blindness.A third type of diabetes, gestational diabetes, occurs in
some women late in pregnancy and disappears once the baby is born. It is similar in effect to
type 2 diabetes, although the causes are different, and complications can occur to both mother



and baby.This book examines the various types of diabetes, their causes, symptoms, and how
and why they affect the mind and body. Of equal or more importance is information about steps
to take that may prevent or delay diabetes and ways to manage the disorder. Diabetes has social
effects in addition to physical ones. Effects on friends, family, and the workplace, along with
economic costs of the disorder are discussed. Finally, research that offers hope for a cure, or if
not a cure, better management of the disease is explored.

Essential Questions1. WHAT ARE THE MAIN SYMPTOMS OF DIABETES?The main symptoms
of diabetes are increased thirst, increased urination, and excessive hunger. People with type 1
diabetes may also lose weight. These symptoms develop rapidly in type 1 diabetes and slowly in
type 2 diabetes. Later symptoms of type 2 diabetes include fatigue; blurry vision; and cold,
numb, or tingling hands and feet. Chapter 3 has more information about signs and symptoms.
The diagnostic sign of diabetes is an elevated blood glucose (sugar) level.2. WHAT IS THE
DIFFERENCE BETWEEN TYPE 1 AND TYPE 2 DIABETES?Only about 5 percent of diabetics
have type 1 diabetes. Type 1 is an autoimmune disease in which the body’s immune system
destroys beta cells in the pancreas that produce insulin. Insulin is a hormone that allows the
body to use glucose. Without insulin, glucose builds up in the blood. About 95 percent of
diabetics have type 2 diabetes. These people make at least some insulin, but their cells have
become insulin resistant, making it harder for glucose to get into the cells. Once again, glucose
builds up in the blood. Chapter 1 provides more details about the different types of diabetes.3.
WHO IS MOST LIKELY TO GET DIABETES?The risk of diabetes is not spread uniformly across
the population. People who have a parent or sibling with type 1 diabetes are more likely to
develop the disorder, although it can also arise spontaneously. Type 2 diabetes is strongly tied to
obesity, an inactive lifestyle, and aging. There is also likely a genetic component, but it is difficult
to determine because families share diets and lifestyles, as well as genetics. African Americans,
Native Americans, Pacific Islanders, and people of Hispanic origin are at higher risk of
developing type 2 diabetes. Chapter 3 discusses the risk factors for developing diabetes.4.
WHAT IS PREDIABETES?Prediabetes is a condition in which blood glucose levels are above
normal but not high enough to diagnose diabetes. Prediabetes is a warning sign that the
individual is on the way to developing type 2 diabetes. The condition can sometimes be reversed
through changes in diet and exercise. Chapter 1 describes the specifics of prediabetes, and
chapter 8 discusses how it may be reversed.5. WHAT IS GESTATIONAL DIABETES?
Gestational diabetes is abnormally high blood glucose that develops in some women late in
pregnancy. It is caused by hormonal changes related to pregnancy and can be managed. Once
the baby is born, glucose levels of the mother gradually return to normal. Some complications of
gestational diabetes include giving birth to a very large baby and an increased risk of developing
type 2 diabetes later in life. Chapters 1 and 6 have more information on gestational diabetes.6.
HOW IS DIABETES DIAGNOSED?Diabetes is diagnosed by a simple blood test that measures
blood glucose levels after an eight-hour fast. The exact numbers used to diagnose diabetes are



in chapter 1, and a more extensive description of how the blood test is done appears in chapter
5.7. HOW IS DIABETES TREATED?Type 1 diabetes always requires treatment with injected
insulin. There are many variations of insulin available, with different peaks of action and duration.
Multiple classes of oral drugs are used to treat type 2 diabetes. These drugs work in a variety of
ways and have a range of side effects. Some stimulate the pancreas to make more insulin.
Others slow the breakdown of insulin, and still others cause the liver to take up more glucose.
The classes of drugs and their actions can be found in chapter 5.8. WHAT ARE SOME OF THE
COMPLICATIONS OF DIABETES?Diabetes is a systemic disorder, meaning it can affect every
part of the body. Common complications include an increased risk of stroke or heart attack,
nerve damage in the legs and feet, vision loss, and slow wound healing. The disorder also can
cause psychological complications, such as stress, depression, anxiety, and mood swings.
Chapter 6 is devoted to complications.9. CAN DIABETES BE CURED?No. Many attempts have
been made to cure diabetes, but, as of 2019, none have been successful. Chapter 10 details
failed attempts to cure or prevent diabetes and looks at what may be in store for the future.10. IS
DIABETES RECOGNIZED AS A DISABILITY UNDER THE AMERICANS WITH DISABILITIES
ACT?Yes. Both type 1 and type 2 diabetes are recognized as disabilities under the Americans
with Disabilities Act. The Act requires schools, workplaces, and other public spaces to make
accommodations for people with diabetes. The federal act is supplemented and sometimes
contradicted by state laws. Some accommodations and regulations are discussed in chapter 7.

1What Is Diabetes?Diabetes is formally called diabetes mellitus to distinguish it from diabetes
insipidus, which is an unrelated disorder. Diabetes mellitus is not a single disease but refers to a
group of related metabolic disorders that cannot be cured but can be effectively managed. All
types of diabetes result in too much glucose (sugar) in the blood. This condition occurs from
failure to produce any insulin, failure to produce adequate amounts of insulin, or failure of cells in
the body to respond adequately to insulin. Insulin is the primary hormone that regulates glucose
in the blood. Over time, hyperglycemia, an abnormally high level of blood glucose, also called
high blood sugar, can damage many parts of the body, including the kidneys, heart, blood
vessels, eyes, skin, feet, and nervous system. Left untreated, diabetes can cause fatal
complications. Even though all types of diabetes result in high blood sugar levels, different types
of diabetes have different causes and different treatments.The two major types of diabetes are
designated type 1 and type 2. Type 2 diabetes is far more common than type 1. Type 2 accounts
for about 95 percent of people with the disorder. A condition called prediabetes often develops
before type 2 diabetes and is a predictor for developing the disorder. Gestational diabetes is a
form of diabetes that can develop during pregnancy, but, unlike the other types of diabetes, it is
not a permanent condition. Researchers have also identified several rare forms of diabetes,
including latent autoimmune diabetes in adults (LADA); monogenic diabetes, which is caused by
a rare gene mutation; chronic pancreatitis–associated diabetes; cystic fibrosis–related diabetes;
and new-onset diabetes after organ transplantation. These forms of diabetes are



uncommon.BLOOD GLUCOSE REGULATIONUnderstanding how the body regulates the
amount of glucose circulating in the blood is necessary to understanding diabetes and how it is
treated. Glucose is a simple sugar made of carbon, hydrogen, and oxygen atoms. Almost all
glucose in the body comes from carbohydrates in starchy foods, such as rice, pasta, bread, and
potatoes, and sugar-heavy foods, such as cake, candy, fruit juice, and sugar- or fructose-
sweetened sodas. When these foods are digested, they break down glucose and other
molecules the body uses to build, repair, and maintain cells. Every cell in the body needs
glucose for energy, but too much glucose in the blood causes diabetes.For the body to function
properly, it must maintain homeostasis. Homeostasis, derived from the ancient Greek words
homeo, meaning “similar to,” and stasis, meaning “standing still,” is the condition of maintaining
internal stability in the body. The way the body stays at a constant temperature even when the
external temperature changes is an example of homeostasis.In a healthy individual, a complex
system of hormones and fluid regulation maintains homeostasis by keeping the level of blood
glucose within the fairly narrow range of between 70 mg/dl (3.8 mmol/L) and 120 mg/dl (6.7
mmol/L), whether the individual has run a mile or eaten a feast.When any of the mechanisms
that tell the body how to handle glucose fail, glucose homeostasis is disrupted. If too much
glucose builds up in the blood, a condition called hyperglycemia develops. With hyperglycemia,
blood glucose concentrations stay above the normal level, and the individual develops diabetes.
Without treatment, these high glucose levels damage many tissues and organs. If too little
glucose is in the blood, a person develops hypoglycemia. Hypoglycemia can cause heart
palpitations; confusion; seizures; loss of consciousness; and, if left untreated, death.Table 1.1
compares blood glucose values for a healthy, nondiabetic person and the values used to
diagnose prediabetes and diabetes. The international standard for measuring blood glucose
levels is millimoles per liter, or mmol/L. The United States, Germany, and a few other countries
measure blood sugar in milligrams per deciliter, or mg/dl. To convert mmol/L to mg/dl, multiply
the mg/dl by 18. To convert mg/dl to mmol/L, divide the mg/dl by 18.Table 1.1 Blood Glucose
Values—Normal, Prediabetes, DiabetesTHE PANCREASThe pancreas is the master control
organ for glucose regulation. It is a slightly flattened gland located behind the stomach on the
upper left side of the body. In an adult, it is about 6 inches (15 cm) long and weighs about 3
ounces (85 g). The pancreas is both an exocrine gland and an endocrine gland.Exocrine glands
secrete fluids into ducts (tubules) that carry the fluid to another place in the body. Mammary
glands that secrete milk are exocrine glands. Endocrine glands secrete hormones directly into
the bloodstream. The testes, which secrete testosterone, are endocrine glands.The pancreas is
made up of both exocrine and endocrine cells. About 95 percent of the cells are exocrine cells.
They secrete enzymes, water, and salts, collectively called pancreatic juice, into a duct that
empties into the duodenum, which is the portion of the small intestine that is closest to the
stomach. Almost 2 qt (2 L) of pancreatic juice are secreted every day. This fluid helps the body
digest carbohydrates, fats, and proteins. Although important to health, the exocrine function of
the pancreas and the digestive juices it produces have little to do with regulating blood glucose



levels.The endocrine cells of the pancreas regulate blood glucose levels. About three million
endocrine cells are embedded in clumps within the exocrine tissue of the pancreas. These
clumps are called the islets of Langerhans or simply pancreatic islets. They function
independently of the exocrine gland cells and secrete the hormones that control glucose
metabolism directly into a network of nearby blood vessels.Pancreatic islets contain five different
kinds of endocrine cells, each named by a Greek letter—alpha, beta, gamma, delta, and epsilon.
Each type of cell produces different hormones that help keep the level of glucose in the blood
within the narrow range needed to maintain health. About 20 percent of all islet cells are alpha
cells, and 70 percent are beta cells. These two cell types have the strongest influence over blood
glucose levels.WHAT HAPPENS WHEN WE EAT?When we eat, the digestive process breaks
food down into small molecules that can be absorbed into the bloodstream from the small
intestine. The breakdown of most food produces glucose, which is the energy source for all cells.
Simple sugars, for example, sucrose (table sugar) and fructose (sugar in fruit), rapidly break
down into glucose. Complex carbohydrates, which are in starchy foods, such as potatoes, rice,
tortillas, and pasta, also break down into glucose and other molecules during the digestive
process, but this takes a bit longer. The breakdown of fats and proteins creates some glucose
along with other useful molecules, but the primary sources of glucose are simple sugars and
complex carbohydrates.When a food containing sugar or starch is eaten, the level of glucose in
the blood begins to rise within 15–30 minutes and peaks in about 1.5 hours. The rise in blood
sugar triggers beta cells in the pancreas to release a small protein hormone called insulin. The
role of insulin is to reduce the amount of glucose in the blood. It does this in multiple
ways.•Insulin from the pancreas is secreted into the bloodstream and carried throughout the
body. All cells have receptors for insulin embedded in their surface membranes. When insulin in
the bloodstream meets a cell’s insulin receptor, it binds to the receptor in a way that opens a
channel for glucose to enter the cell. This allows the cell to renew its energy source and removes
glucose from the blood. Brain cells are especially high users of glucose when a person is at rest.
Skeletal muscle cells are high users of glucose when a person is physically active.•At the same
time, insulin acts rapidly on the liver, causing it to take in glucose and convert it into glycogen.
Glycogen is made of a series of glucose molecules that are linked together. Creating glycogen
allows glucose to be removed from the blood and be stored as reserve energy. When glucose
levels are low, the liver can break down glycogen into glucose and release it into the
bloodstream. Glycogen can make up as much as 10 percent of the weight of the liver in a person
at rest.•Insulin also acts on skeletal muscle cells to stimulate them to take up glucose and
convert it into glycogen. Only about 2 percent of the weight of skeletal muscle is glycogen, but
because the mass of skeletal muscle is much greater than that of the liver, most glycogen is
stored in skeletal muscle. Insulin also acts on fat cells and stimulates them to take in excess
glucose and convert it into fat.•Insulin sends a message to the hypothalamus to suppress
appetite, which, in turn, tells the individual to stop eating. The hypothalamus is a part of the brain
that helps regulate the production of other hormones that affect basic body functions, such as



body temperature, sex drive, sleep cycles, thirst, and appetite.WHAT HAPPENS WHEN WE
FAST?Between meals or when we exercise, the body needs more glucose than is available in
the blood. As blood glucose levels drop, alpha cells in the pancreatic islets secrete a hormone
called glucagon. Glucagon has the opposite effect of insulin. It acts on receptors in the liver to
cause chemical reactions that break down glycogen into glucose and release it into the
bloodstream, where it circulates for use by other cells. Skeletal muscle cells can also break
down glycogen into glucose, but they cannot release that glucose into the blood. Instead, they
use this glucose as a source of energy for muscle cells during exercise.OTHER PANCREATIC
HORMONESInsulin and glucagon are the yin and yang of blood sugar control. Insulin causes
excess glucose to be removed from the blood. Glucagon causes glucose, stored as glycogen in
the liver, to be released into the blood. Other pancreatic hormones, described below, have an
important but much smaller effect on maintaining glucose homeostasis.•Beta cells produce the
hormone amylin in addition to insulin but in much smaller quantities. The ratio of insulin to amylin
is about 100:1. This hormone was not discovered until 1987. Amylin slows glucagon secretion to
keep blood sugar levels from getting too high. It also slows digestion, which reduces the speed
at which glucose is absorbed into the bloodstream from the small intestine. When beta cells are
damaged, both insulin and amylin production are severely reduced or absent. Without insulin,
cells do not absorb glucose. At the same time, the lack of amylin takes the brake off glycogen
conversion into glucose. As a result, the liver releases too much glucose into blood, where the
glucose level is already too high.•Delta cells secrete the hormone somatostatin. This hormone
slows digestion and reduces the rate at which glucose is absorbed into the blood. Somatostatin
is also secreted by the hypothalamus and the intestine.•Epsilon cells secrete ghrelin. Ghrelin is a
hormone that stimulates appetite and increases fat storage. Most ghrelin is made by the
stomach, but small amounts are also made by epsilon cells in the pancreatic islets.•Gamma
cells, more commonly called PP cells, secrete a pancreatic polypeptide (a protein) that slows
stomach emptying and reduces appetite. In animal studies, the absence of PP cells is
associated with obesity. Obesity is a risk factor for type 2 diabetes.TYPES OF DIABETESIt is
important to understand how blood sugar levels are controlled because different types of
diabetes develop from failures at different points in the glucose regulation system. Because
failures occur at different points, the people more likely to develop each type of diabetes have
different characteristics in terms of age, race, genetics, lifestyle factors, and effective treatments.
Some of these differences are highlighted below and will be discussed in depth in future
chapters.Type 1 DiabetesType 1 diabetes was formerly called juvenile diabetes because it was
most often diagnosed in young children. It was also called insulin-dependent diabetes because
an external source of insulin is absolutely required for a person with type 1 diabetes to survive.
Now that researchers better understand the varying causes of diabetes, the preferred name is
type 1 diabetes.Type 1 diabetes is an autoimmune disorder. Normally, immune system cells
attack only viruses, bacteria that are foreign to the body, and abnormal human cells such as
cancer cells. However, when a person has an autoimmune disorder, immune system cells



misfire and attack and destroy normal, healthy body cells. In the case of type 1 diabetes,
immune system cells attack and kill beta cells that produce insulin and amylin in the pancreas.
Without insulin, glucose cannot enter cells, so it accumulates in the blood. Without amylin, the
liver keeps converting glycogen into glucose to release into the bloodstream. The result is
severe hyperglycemia that can only be brought under control by giving the individual insulin from
an external source.Type 1 diabetes occurs worldwide. Approximately 1.25 million Americans
have type 1 diabetes, with about 40,000 new cases diagnosed each year. In the United
Kingdom, approximately 400,000 people have the disorder, as do 300,000 Canadians. Type 1
diabetes is the most common metabolic disorder in children. Infrequently, the disorder can
develop in adults, but most people are diagnosed before reaching adulthood.Internationally,
there is a big variation in the incidence of type 1 diabetes. For example, Finland has the highest
incidence of type 1 diabetes at almost 65 persons per 100,000 population, while the rate in
neighboring, Sweden, is only about 30 persons per 100,000 population. The incidence in the
United States is about 24 per 100,000 population. China has a tiny incidence of 0.1 person per
100,000 population. Researchers cannot fully account for this wide variation. Genetics play a
role, but so, apparently, do yet unidentified environmental factors. This is discussed more
extensively in chapter 3.Symptoms of type 1 diabetes suddenly become apparent only after
about 80 percent of beta cells are destroyed. Symptoms include excessive thirst, excessive
urination, extreme fatigue, blurred vision, and weight loss. Unlike people with type 2 diabetes,
people with type 1 diabetes are rarely overweight. If unrecognized, symptoms can progress to a
life-threatening condition called diabetic ketoacidosis (DKA). This occurs when not enough
glucose is available to cells. Because glucose cannot enter cells, the body begins to break down
fat to use for energy. As fat is broken down, it produces molecules called ketones. Ketones make
blood more acidic, which throws off the biochemical balance of the body. DKA is a medical
emergency. Untreated, it can result in nausea, vomiting, acetone-smelling breath, weakness,
coma, and death.Diabetes is easy to diagnose through simple blood tests, but in children the
signs of type 1 diabetes are often missed or are suspected of having other origins. Once type 1
diabetes is diagnosed, the only effective treatment is to provide insulin from an external source
(originally from pig or calf pancreas, and now laboratory-produced) multiple times each day. The
dose must be calculated based on the diet and activity level of the individual and is injected
directly into the body, because insulin given by mouth will be destroyed by stomach acids.Type 2
DiabetesType 2 diabetes used to be called adult-onset diabetes because most people who
developed type 2 diabetes were over the age of 45. However, children and young adults are
increasingly developing type 2 diabetes. Type 2 diabetes also used to be called non-insulin-
dependent diabetes because insulin from an external source was not absolutely required for
survival. Today many people with long-standing type 2 diabetes do require insulin in addition to
lifestyle changes and other medications to control their blood sugar levels, so the name non-
insulin-dependent diabetes is no longer used.In 2018, about 30.3 million Americans, or 9.4
percent of the population, had diabetes. This compares to 1 percent of the population in 1958.



Approximately 95 percent have type 2 diabetes, but only about 23.1 million know that they have
the disorder. Another 7.2 million have blood glucose levels that are high enough to be diagnosed
with diabetes, but they have not been tested, which means they are not receiving any
treatment.Worldwide, about 425 million people, or one out of every eleven adults, are estimated
to have type 2 diabetes. Certain ethnic and cultural groups are more likely to develop the
disorder. In the United States, the prevalence of type 2 diabetes is 77 percent higher in Latinos,
66 percent higher in African Americans, and 20 percent higher in Asian Americans than in non-
Latino whites. Pacific Islanders, Native Americans, and Native Hawaiians also have very high
rates of type 2 diabetes.Genetic inheritance appears to play a bigger role in the development of
type 2 diabetes than in type 1 diabetes. If one parent has type 2 diabetes, there is a 40 percent
chance that their child will develop the disorder. If both parents have type 2 diabetes, the risk
rises to 70 percent, and if one identical twin has the disorder, there is also a 70 percent chance
that the other twin will also have type 2 diabetes. Genetic inheritance, however, is only one risk
factor for developing type 2 diabetes. Other major risk factors include being overweight or
obese, getting little physical exercise, and being over the age of 45 years. These are discussed
more extensively in chapter 3.The cause of type 2 diabetes differs from type 1. In type 2
diabetes, chemical changes in the body make it harder for glucose to enter cells, including liver,
fat, and muscle cells where excess glucose is stored for future use. In other words, insulin no
longer easily triggers the opening of a gateway for glucose to enter cells. This insensitivity to
insulin is called insulin resistance. Beta cells remain intact, but they do not make enough insulin
to allow adequate glucose uptake by cells. Type 2 diabetes is a progressive disorder. Over time,
the amount of insulin beta cells make decreases, while the amount of glucagon produced by
alpha cells may increase, causing worsening of hyperglycemia.The symptoms of type 2
diabetes are similar to those of type 1—excessive thirst, excessive urination, extreme fatigue,
blurred vision—but often with little or no weight loss. The main difference is that these symptoms
develop gradually and are often unrecognized, which is why so many people with type 2
diabetes remain undiagnosed and untreated.Blood glucose levels in people with type 2 diabetes
can often be controlled or kept from worsening by changes in diet, increased exercise, and non-
insulin medication. Treatment and management of diabetes are discussed in chapter
5.PrediabetesPrediabetes, sometimes called impaired glucose tolerance or intermediate
hyperglycemia, is not diabetes, but it is an important set of warning signs that a person is on the
road to developing type 2 diabetes within a few years. Prediabetes is diagnosed when blood
glucose levels are not low enough to determine that the individual does not have diabetes, but
they are also not high enough to diagnose and treat the person for type 2 diabetes (see Table
1.1). Along with higher-than-normal blood glucose, people with prediabetes often have
hypertension (high blood pressure), high levels of low-density lipoprotein (LDL) or “bad”
cholesterol, a high level of triglycerides (fats in the blood), and are overweight or obese.The U.S.
Centers for Disease Control and Prevention (CDC) estimated that in 2017, one of every three
Americans—about 84.1 million people—had prediabetes. Of these, about 23 million were age



65 or older. The bad news is that about 70 percent of people with prediabetes will eventually
develop type 2 diabetes. The good news is that this is not inevitable. With lifestyle changes, the
risk of a person with prediabetes progressing to diabetes can be reduced by between 40 and 70
percent. Even for those people who do eventually develop type 2 diabetes, the progression of
the disorder can be delayed. The most important lifestyle changes for reversing prediabetes are
losing weight; eating healthy, well-balanced meals, and getting regular moderate
exercise.Gestational DiabetesGestational diabetes is diabetes that develops only when a
woman becomes pregnant. It is not the same as having diabetes before becoming pregnant.
Gestational diabetes occurs in between 2 and 10 percent of pregnancies. Like type 2 diabetes,
the occurrence of gestational diabetes is strongly related to ethnicity and culture. Gestational
diabetes occurs in only about 2 percent of pregnancies of women of European ancestry. It is four
to five times higher in African American, Asian, and Latina women. In some Native American
populations, the rate is as high as 15 percent.During pregnancy, hormones produced by the
placenta make cells in the body less sensitive to insulin. This is a normal result of pregnancy,
and it allows more glucose to circulate to the fetus, where it is used for growth. As pregnancy
progresses and the fetus grows, the placenta produces more and more anti-insulin hormones. In
a woman who develops gestational diabetes, the placental hormones overwhelm the amount of
insulin she can make, and her cells become resistant to glucose. The level of glucose in her
blood rises and stays high. She soon develops hyperglycemia and symptoms of diabetes. There
is no known way to prevent this.Women who are obese, have a family history of type 2 diabetes,
have been diagnosed with prediabetes, or have had gestational diabetes with a previous
pregnancy, all of which are risk factors for developing the disorder, are given blood glucose tests
early in pregnancy. All other women are screened at between 24 and 28 weeks of pregnancy
because this is the time when gestational diabetes usually develops in low-risk
women.Gestational hyperglycemia also has consequences for the fetus, including excessive
weight gain while in the uterus. Women with gestational diabetes often give birth to babies
weighing 9 pounds (4.1 kg) or more. Additional short- and long-term complications for mother
and child are discussed in chapter 6.Gestational diabetes is treated with a carefully planned
diet; appropriate exercise; and, if necessary, medication and insulin. Fortunately, gestational
diabetes is not permanent. Once the baby is born, the mother’s blood glucose level usually
drops to near normal after a few weeks, especially if she is breast-feeding. However, a woman
who has had gestational diabetes is at much higher risk of developing type 2 diabetes relatively
early in life.THE COST OF DIABETESDiabetes is big business. You can hardly turn on the
television without seeing an advertisement for diabetes testing supplies or insulin, along with
drugs to treat type 2 diabetes or slow its progression. A study by the American Diabetes
Association (ADA) found that in 2017, diabetes cost Americans $237 billion in direct medical
costs. Approximately one of every seven dollars spent on health care went to treating diabetes
or its complications. The average cost of insulin alone was $450 per month. In addition to direct
health care costs, an estimated $90 billion was lost in reduced productivity, an increase of 26



percent in just five years.Worldwide, the cost of diabetes was estimated in 2017 to be $825
billion per year, and the costs are rising as the number of people with diabetes increases. The
ADA also found that in 2017, people diagnosed with diabetes spent an average of $16,750 on
medical expenses, of which $9,600 was directly attributed to diabetes. This was 2.3 times more
than the medical expenditures of people without diabetes. Comparisons of the cost of some
types of insulin and insulin delivery systems for people without insurance as of late 2019 can be
found at .Diabetes also has quality-of-life costs. These include blindness, kidney failure,
increased susceptibility to heart attack and stroke, nerve damage, poor wound healing,
amputation, and disabilities that prevent individuals from working or enjoying life. In 2018,
diabetes was the seventh-leading cause of death in the United States, although this ranking is
thought to seriously underrepresent the role of diabetes in contributing to other causes of death.
Diabetes also shortens life spans. The ADA also estimated that the disorder caused 277,000
premature deaths in the United States in 2017. In the United Kingdom, the National Health
Service estimated that each week 500 people with diabetes die prematurely.

2The History of DiabetesSome signs of the disorder we now call diabetes mellitus—excessive
thirst, production of copious sweet-smelling urine, and severe weight loss—have been
recognized for centuries, and for centuries, these signs telegraphed a death sentence.
Frustrated physicians tried any number of ways to treat or cure the disorder. Not until the
discovery of insulin was there hope for survival after a diagnosis of diabetes. Even though insulin
and other medications can effectively control the symptoms of diabetes today, there remains no
cure for the disorder.DIABETES IN ANCIENT TIMESThe oldest description of diabetes was
unearthed from an Egyptian tomb in the mid-1800s. The manuscript, known as the Ebers
Papyrus, was written in about 1550 BCE. It is the most extensive collection of medical
knowledge about diseases and treatments that we have from that time period. In it, the writer
describes the frequent and excessive urination that is a sign of diabetes and recommends
treatment with a mixture of “Water from a Bird Pond, Elderberry, Fibres of the asit plant, Fresh
Milk, Beer-Swill, Flower of Cucumber, and Green Dates” (Sanders 2002, 56).Around the same
time that the Ebers Papyrus was written, physicians in India noticed that ants were attracted to
the urine of people who had excessive thirst and bad breath and who produced an extreme
volume of urine. They did not understand why ants liked this urine, but today we know it is
because the urine of untreated diabetics contains a high concentration of sugar, a condition
called glycosuria. Indian physicians called urine that attracted ants “madhumeha” which
translates as “honey urine.” Checking whether ants were attracted to urine became the first
diagnostic test for diabetes, although diagnosis did not lead to any effective treatment. People
with the disorder still drank gallons of water, urinated almost constantly, lost large amounts of
weight (a second-century Greek physician described the phenomenon as flesh melting into
urine), lapsed into a coma, and died.Although symptoms of diabetes were recognized
throughout the ancient world, the first person to actually give the name “diabetes” to the disorder



was an Egyptian physician named Apollonius of Memphis, who lived around 230 CE. He
combined two Greek words—dia, meaning “through” and betes, meaning “to go” to describe the
excessive flow of urine out of the body. He and other physicians of that time believed that
diabetes was a disease of the kidneys.UNDERSTANDING OF DIABETES STALLSFor the next
1,300 years, almost no progress was made in understanding diabetes. Treatments remained just
as odd and ineffective as they were in ancient Egypt. Finally, in the sixteenth century, the Swiss
physician Paracelsus (1493–1541) found that when he evaporated urine from people with
diabetes, a residue of whitish crystals remained. He believed these were salts from the kidney.
He thought the “salts” caused excessive thirst and water intake. The residue was finally correctly
identified in 1776 by British physiologist Matthew Dobson (ca. 1732–1784) who determined that
it was sugar. Dobson also noticed the sweet taste of blood serum in people with diabetes. This
caused him to suggest that the symptoms he observed were systemic and not limited to the
kidneys.At about the same time that Dobson identified sugar in the urine of diabetics, Scottish
physician William Cullen (1710–1790) added the word “mellitus,” from the Latin word for “honey”
to the description of diabetes to distinguish the disorder from diabetes insipidus. Diabetes
insipidus also causes the production of large quantities of urine, but the urine does not contain
sugar. This disorder results from failure of the pituitary gland to secrete the antidiuretic hormone
vasopressin or failure of the body to respond to that hormone. It is not related to diabetes
mellitus.EXPERIMENTATION AND OBSERVATIONThe 1800s in Europe were a time of intense
interest in the biochemistry and physiology of body functions. In 1815, French scientist Michel-
Eugène Chevreul (1786–1889) identified the type of sugar in the urine of diabetics as the simple
sugar glucose. German chemist Hermann von Fehling (1812–1885) then developed a test to
measure glucose in urine. This test gave physicians a way to definitively diagnose diabetes. In
addition, as the century progressed, physicians became more aware of the various
complications diabetes causes in multiple parts of the body. These complications are discussed
in chapter 6.Some of the experiments that scientists performed led almost accidentally to an
increased knowledge about the cause of diabetes. Until 1848, the role of the pancreas was
unknown. While studying the digestive tract, French physiologist Claude Bernard (1813–1878)
discovered that the pancreas produced digestive enzymes that flowed through a duct into the
small intestine. Using dogs to experiment, he tied off the pancreatic duct to stop the movement
of these enzymes. This created digestive problems, but the dogs did not develop diabetes or
die. Bernard also isolated glycogen in the liver and realized it could be broken down and
released into the blood as glucose. This observation became important in understanding how
the amount of sugar in the blood is regulated.A few years later, when Paul Langerhans (1847–
1888) studied the pancreas for his doctoral dissertation, he noticed that it contained clumps of
different-appearing cells that did not drain into the pancreatic duct. These clumps of cells are
now called the islets of Langerhans in his honor. Langerhans reported the odd cell clumps, but
he had no idea of their function and did not pursue this question.As late as 1889, it still was
unclear that the pancreas had anything to do with diabetes. However, in that year, Oskar



Minkowski (1858–1931) and Joseph von Mering (1849–1908), working at Strasbourg University,
removed the entire pancreas from a dog. The dog developed all the symptoms of diabetes and
died. They repeated the experiment on more dogs with the same result. They then removed the
pancreas but implanted a small piece of it under each dog’s skin where it was not connected to
the pancreatic duct. These dogs remained relatively healthy until the implanted piece of
pancreas was removed, after which they developed diabetes symptoms and died. Minkowski
and von Mering’s experiments showed that something in the pancreas was necessary for normal
glucose regulation. Five years later, French pathologist Gustave-Édouard Laguesse (1861–
1927) suggested that the critical substance came from the odd clumps of cells discovered by
Paul Langerhans.THE ALLEN DIETIn the United States, research interest turned to the role of
diet in health. Physician Frederick Allen (1876–1964) initially began studying the effects of sugar
consumption but soon shifted to doing diabetes experiments on dogs at Harvard University.
Over the course of 10 years of experimentation, he found that if he removed 20 percent of the
pancreas, experimental dogs did not become diabetic. If he removed 80–90 percent of the
pancreas, some dogs developed symptoms of diabetes while others did not. The severity of the
symptoms depended on the dogs’ diet. Dogs fed a low-carbohydrate diet remained relatively
healthy. Dogs fed a high-carbohydrate diet developed diabetes. These findings suggested to
Allen that humans with diabetes could be helped with a low-carbohydrate diet.
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