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7

A hundred years ago, people received nutritional guidance from 
mothers and grandmothers: Eat your carrots because they’re 

good for your eyes; don’t eat too many potatoes because they’ll make 
you fat; be sure to get plenty of roughage so you can more easily move 
your bowels. Today, everyone seems to off er more advice: Take a 
vitamin supplement to optimize your health; don’t eat fi sh with cab-
bage because you won’t be able to digest them together; you can’t stay 
healthy on a vegetarian diet. Nutrition is one of those topics about 
which all people seem to think they know something, or at least have 
an opinion. Whether it is the clerk in your local health food store 
recommending that you buy supplements or the woman behind you 
in line at the grocery store raving about the latest low-carbohydrate 
diet, everyone is ready to off er you nutritional advice. How do you 
know what to believe or, more importantly, what to do?

Th e purpose of these books is to help you answer these ques-
tions. Even if you don’t love learning about science, at the very 
least you probably enjoy certain foods and want to stay healthy—

iNtroductioN
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NutritioN aNd disease PreveNtioN8

or become healthier. In response to this, these books are designed 
to make the science you need to understand as palatable as the 
foods you love. Once you understand the basics, you can apply 
this simple health knowledge to your everyday decisions about 
nutrition and health. The Healthy Eating set includes one book 
with all of the basic nutrition information you need to choose a 
healthy diet, as well as five others that cover topics of special con-
cern to many: weight management, exercise, disease prevention, 
food safety, and eating disorders.

Our goal is not to tell you to stop eating potato chips and candy 
bars, give up fast food, or always eat your vegetables. Instead, it is 
to provide you with the information you need to make informed 
choices about your diet. We hope you will recognize that potato 
chips and candy are not poison, but they should only be eaten as 
occasional treats. We hope you will decide for yourself that fast 
food is something you can indulge in every now and then, but is 
not a good choice every day. We encourage you to recognize that 
although you should eat your vegetables, not everyone always 
does, so you should do your best to try new vegetables and fruits 
and eat them as often as possible. 

These books take the science of nutrition out of the classroom 
and allow you to apply this information to the choices you make 
about foods, exercise, dietary supplements, and other lifestyle deci-
sions that are important to your health. This knowledge should 
help you choose a healthy diet while allowing you to enjoy the 
diversity of flavors, textures, and tastes that food provides, while 
also encouraging you to explore the meanings food holds in our 
society. When you eat a healthy diet, you will feel good in the short 
term and enjoy health benefits in the long term. We can’t person-
ally evaluate each meal you consume, but we believe these books 
will give you the tools to make your own nutritious choices.

Lori A. Smolin, Ph.D., and 
Mary B. Grosvenor, M.S., R.D.
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1
NourishiNg 

the body

In the complex, elegant system called the human body, the nutri-
ents that are ingested and absorbed are essential for the growth, 

maintenance, repair, and replacement of the trillions of cells of 
the organs and tissues that do the body’s work. Th ese nutrients 
are the substances in the foods and beverages we ingest. Nutrition 
is the sum total of the interaction between the foods we eat—our 
diets—and the ways in which our bodies process, use, and are 
nourished by the nutrients in those foods. Although human bod-
ies are incredibly adaptable and may maintain themselves for a 
long time when nutrition is inadequate or improper, optimum 
health is dependent on optimum nutrition. When proper amounts 
of nutrients are lacking or out of balance, or when nutrients are 
not adequately processed, dysfunction, ill health, and disease are 
inevitable. 
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NutrieNts for Life
Scientists and researchers are still learning to define optimal 
nutrition and understand how nutrients affect health and disease. 
So far, more than 40 nutrients have been identified as substances 
that are essential to life. They are grouped into six categories or 
classes. These classes are carbohydrates, proteins, fats, vitamins, 
minerals, and water. Carbohydrates, fats, proteins, some miner-
als, and water are considered to be macronutrients, because the 
body needs them in large quantities. Vitamins and most miner-
als (often called trace minerals) are needed in relatively small 
amounts and are referred to as micronutrients. They are essential 
because they enable the body to use its macronutrients. No single 
food contains all essential nutrients, but most foods are a source 
of one or more in varying degrees. People must ingest a variety of 
foods in order to nourish their bodies. 

eNergy aNd fueL 
One of the most important functions of nutrients is to provide 
the fuel that powers the body’s functions. Glucose is the sugar 
from carbohydrates that provides the major source of fuel for 
the body, its organs, and its cells, but fats are another important 
source. When necessary, proteins can also be used as fuel. These 
macronutrients provide the body with 100% of its energy. Energy 
is measured in calories. Some foods, such as cheeseburgers, are 
calorie dense, while others, such as celery, provide few calories. 
How much food is required to provide enough energy depends on 
the kinds of foods a person eats, as well as a person’s activity level, 
age, and size. In other words, how much energy is used up and 
how quickly it is used depends on individual factors and is never 
standard for all people at all times in their lives.  

Because of the energy supplied by these macronutrients, mus-
cles move, lungs breathe, and hearts beat. Bodies use the energy to 
maintain the correct temperature. Cells build the proteins that do 
the work in the body. With too few calories, cell activity and organ 
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11Nourishing the Body

function falter. A complete lack of energy (meaning zero calories 
consumed) would lead to cell death and organ failure from star-
vation within about 8 to 12 weeks. If too many calories are taken 
in, the body stores the excess as fat, in case extra energy is needed 
in the future. Every healthy person needs to have some fat stores 
for emergencies, but an excess amount leads to unhealthy body 
weight and stress on organs, which also can lead to disease. 

esseNtiaL ProteiN
When bodies get adequate calories from carbohydrates and 
fats, they do not use proteins for energy. Instead, protein is used 
to maintain organs and tissues, for growth, and to build body 
structures. Living organisms, including human bodies, are basi-
cally made of protein. Protein is the primary component of most 
cells in the body. Because cells are constantly breaking down and 
dying, they must be continually replaced.

 Protein is made of strings of chemical units called amino 
acids. The body’s cells can make some of the 20 amino acids that 
form proteins, but they cannot make 9 of them. These 9 are called 
essential amino acids because they must be ingested for cells to 
function. (Only infants need all nine of the essential amino acids; 
children and adults require eight.) Without the essential amino 
acids from ingested protein, cells cannot make their own proteins 
or do work. They cannot build and repair body structures or 
make the hormones and enzymes that control the body’s chemi-
cal reactions. Many hormones and all enzymes are made of pro-
tein. Hormones are chemical substances that are the information 
carriers for cells. They provide signals about what different body 
parts are supposed to do. Enzymes make the chemical reactions 
of metabolism progress efficiently. They are like the assembly-line 
workers in the complex factory of each cell.

 The body needs access to all of the essential amino acids—
complete proteins—at the same time and in the right balance. If 
no protein is ingested, the body will break down its own body tis-
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sues to get the protein it needs. If even one amino acid is missing, 
severe ill health and death result.  If too much of just one amino 
acid is ingested compared with the others, the body also suffers. 
The imbalance is toxic, preventing the body from using the other 
amino acids correctly.

fatty acids, VitamiNs, aNd miNeraLs
Fats not only supply calories and energy, but also provide the body 
with essential substances that it cannot make on its own. These 
are the essential fatty acids required for developing the brain and 
nervous system, making hormones, maintaining cell membranes, 

ProteiNs from PLaNts

Although animal food is an easy and complete source of protein, veg-
etarians and vegans can get proteins from other sources without much 
difficulty. Vegetarians may eat dairy products and eggs, which provide 
all the essential amino acids. Vegans need to get their proteins from 
plant foods. Plants are a protein source, but most plants do not pro-
vide all eight essential amino acids. Beans, for example, are high in the 
amino acid lysine but low in the sulfur-containing amino acids methi-
onine and cysteine. Rice and other whole grains, on the other hand, 
are low in lysine but rich in the sulfur-containing amino acids. These 
two food types together, therefore, are complementary proteins. Eaten 
together, they supply all the essential amino acids needed by people. 
Legumes, grains, seeds, and nuts can be combined in varying propor-
tions to create complete protein meals. Examples include cornbread 
and pinto beans, hummus (chickpeas and sesame seeds), and a peanut 
butter sandwich on whole wheat bread. The only plant foods known 
to be nearly complete proteins on their own are soybeans, quinoa, 
buckwheat, and hempseed. 
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13Nourishing the Body

keeping skin healthy, and even maintaining some structures of 
the eyes. These fatty acids, just like proteins, are also needed so 
the body can use some vitamins and minerals.

Vitamins and minerals do not provide energy, but they are 
necessary to keep the body alive and functioning. They are 
considered to be essential nutrients because, as with essential 
fatty acids and essential amino acids, they cannot be made by 
the body. Vitamins are chemical compounds that regulate the 
body’s ability to use food for energy. They also are essential for 
growth, development, and proper cell functioning. A severe lack 
of any vitamin leads to disease. Currently, scientists are aware of 
13 vitamins essential for health. They are vitamins A, C, D, E, K, 
and a group of eight B vitamins known by names or numbers. 
The B vitamins are B1 (thiamine), B2 (riboflavin), B3 (niacin), B5 
(pantothenic acid), B6 (pyridoxine), B7 (biotin), B9 (folic acid), 
and B12 (cobalamin).

The minerals that are macronutrients include calcium, mag-
nesium, salt, and potassium. Bones, muscles, the heart, and the 
brain depend on these minerals for growth and normal function-
ing. These minerals also are essential to regulating the functions 
of nerves and muscles, and keeping the body’s fluids in balance. 
Micronutrient trace minerals, such as copper, iron, zinc, and 
iodine, are essential parts of hormones and enzymes. Minerals 
are the same metals that are found in the earth and absorbed by 
plants, and then by animals that eat the plants. Minerals are toxic 
in large quantities, but a lack of any of the essential minerals leads 
to disease.

turNiNg foods iNto NutrieNts
Vitamins and minerals are critical to body metabolism—the 
chemical reactions that involve building up or breaking down 
substances in the body. Metabolism is the process by which the 
body’s cells modify nutrient molecules and use them to create 
energy, or as building blocks for new cells and tissues. Metabo-
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lism, for any living organism, is life itself. Metabolism comes 
from a Greek word meaning “change,” and that is what cells do 
with nutrients. They change the chemical substances from foods 
into molecules that are needed to do the body’s work. We do not 
eat nutrients; we eat foods, which are too chemically complex for 
cells to use. The foods we eat must be broken down into simpler 
chemical substances—the nutrients—so that they are available to 
the cells. Foods go through three steps before nutrients are avail-
able to the body’s cells. These processes are digestion, absorption, 
and metabolism. 

Digestion begins in the mouth, where teeth and the enzymes 
in saliva begin breaking down foods. Once in the stomach, food 
is exposed to gastric juices, and the chemical breakdown turns it 
into a thick liquid called chyme. Chyme moves to the small intes-
tine. Here, with the help of more chemicals from the pancreas and 
gallbladder, it is broken down into nutrient components. (Unus-
able food substances move to the large intestine and are excreted 
by the body.)  The nutrients are now absorbed into the blood-
stream through the intestinal walls. Vitamins and minerals can 
be carried to every cell in the body, via the bloodstream. Amino 
acids from proteins, glucose from carbohydrates, and fatty acids 
from fats also are now usable and ready to be metabolized by the 
cells. The nutrients pass through the cell membranes and into the 
cells themselves, where more chemical reactions take place. 

metaboLism
Once inside the cell, a molecule of glucose is broken down to 
release its energy. When nutrient molecules are broken down and 
energy is released, the process is called catabolism. But cells may 
use energy from nutrients to build more complex molecules, too. 
For example, a cell membrane may be damaged and need repair. 
This process is known as anabolism. In this case, people use the 
“bodies” of potatoes, broccoli, and fish, for instance, to maintain 
and build up their own bodies. The nutrient material in food is 
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15Nourishing the Body

transformed to construct the building blocks of the human body. 
Scientists say that the nutrients we ingest can be thought of as the 
metabolic pool used by the cells for construction. Just as carpen-
ters, bricklayers, and roofers use nails, tiles, bricks, mortar, glue, 
and wood to build a house, cells use the substances from nutrients 

FIGURE 1.1 Besides the esophagus, stomach, and small and large 
intestines, the digestive system includes a tube with an opening at 
the mouth (for intake) and an opening at the anus (for excretion).
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to construct body parts. The strength of the house depends on the 
quality of the building materials; the health of the body depends 
on the quality of the substances in the metabolic pool. To repair a 
cell membrane, new protein molecules are needed. These will be 
built through anabolism, using the amino acids in the metabolic 
pool. The new protein molecules may consist of hundreds or even 
thousands of amino acids. 

Different nutrient molecules may be metabolized in differ-
ent ways or for different purposes, but all cells’ metabolic pro-
cesses occur in a similar way. Millions of nutrient molecules are 
absorbed and utilized with every meal. Many end up as part of the 
body, although some are excreted from the body as unneeded or 
unusable. Many of these nutrients, especially vitamins, minerals, 
and proteins, are used to construct or build up enzymes. Enzymes 
are the chemicals that control the cellular processes of anabolism 
and catabolism. They also direct how fast a cell’s chemical reac-
tions take place. Some vitamins protect the cells from damaging 
themselves as they metabolize nutrients. Nutrients build new 
bone, muscle, and blood cells in the body. They fuel the cells that 
make thinking, moving, and breathing possible. They keep bod-
ies alive by continually building new cells as old ones die. As one 
example, the Denver Museum of Nature & Science reports that 
two million red blood cells die and two million are replaced by 
the blood-manufacturing cells in bone marrow every second. That 
means an intense, ongoing need for all the proper nutrients.

Nutritious choices
The body and its cells are dependent upon so many nutrients 
that it can seem remarkable that anyone is healthy. Yet, humans 
have survived and thrived for hundreds of thousands of years, 
long before anyone knew anything about what people should eat 
every day or what nutrients our bodies require. Humans seem to 
have evolved to be flexible eaters. People can digest, absorb, and 
metabolize a variety of plant and animal foods, and our Stone 
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17Nourishing the Body

Age hunter-gatherer ancestors—living more than 10,000 years 
ago—apparently were able to survive by following their natural 
food preferences. They may have been ignorant of nutritional sci-
ence, but the foods they chose nourished their bodies. They ate 
plants, roots, fruits, berries, nuts, and game animals of all kinds. 
They had to cope with periods of feasts alternating with periods of 
famine, so whenever fats were available (which wasn’t very often), 
they ate fatty foods. They had a natural liking for sweet tastes, 
which helped them choose ripe fruits, for example, over green 
ones. (Ripe foods have more nutrients than unripe foods.) When 
their bodies were able to store extra calories and nutrients as fat, 
they could survive times of famine.

When food supplies were stable, hunter-gatherers naturally 
provided their bodies with the nutrients that were necessary for 
good health. When food was scarce or important food groups 

the Proof’s iN the PooP 

At Oregon’s Paisley Caves, archaeologist Dennis L. Jenkins and his team 
uncovered evidence of hunter-gatherer diets from about 14,300 years 
ago. In addition to the butchered bones of ancient horses and camels, 
the excavations yielded one stone tool that could have been used to 
smash bones to get at the fatty marrow inside. Most important and 
exciting, however, was the discovery of fossilized human feces (poop). 
The archaeologists know the feces are human in origin because they 
tested the DNA. The analysis helped them to learn about the diets of 
some of the earliest inhabitants of North America. The feces contained 
chipmunk and squirrel bones, bison hair, fish scales, protein related to 
dogs and birds, and plant residue from grass and sunflowers. At other 
archaeological sites in the United States, fecal evidence suggests that 
hunter-gatherer diets are just as varied. Some of the foods eaten include 
cactus, muskrat, wild onions, persimmons, and beetles. 
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were unavailable, disease and starvation were likely. However, our 
ancestors had one advantage over modern humans: They could 
not forage and hunt for non-nutritional foods. They could not dig 
up French fries from the earth or spear a cupcake. 

moderN diets
In some ways, modern humans face nutritional disadvantages 
that our ancestors did not. We still crave fats and sugars, so if they 
are easily available, we eat too much of them. In many parts of the 
world, people no longer face feast-famine cycles, but still often eat 
(and store nutrients in their cells) as though a famine is coming. In 
other parts of the world, humans cope with political, social, and 
ecological situations that leave them unable to eat nutritiously. In 
much of the world, foods are often no longer available fresh from 
the earth or in a natural state. They are grown in depleted soil, 
processed and altered to make them cheap and palatable, raised 
to be fat and tender, and often stripped of their nutrients. Perhaps 
because of dislike or childhood habits or personal beliefs, many 
people also refuse to eat vegetables or any animal products, or 
anything but processed foods. When diets are too restricted, they 
are likely to be low in many nutrients.

A varied diet is no longer a part of the lifestyle of many mod-
ern humans. This has been true since people abandoned hunter-
gatherer lifestyles and began living in cities and towns. Nutritional 
disease and deficiencies have been the inevitable result. It is not 
the starvation that hunter-gatherers risked in times of famine. 
It is not the short life spans that early humans faced because of 
diseases, injuries, and body breakdowns when sufficient food 
was not available. The effects of a nutritionally deficient diet in 
modern humans are not always dramatically apparent, although 
around the world millions of people still face the terrible problem 
of insufficient food.

 More and more, scientists and researchers are realizing that 
nutrient deficiencies cause or exacerbate many modern diseases. 
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19Nourishing the Body

Optimum health cannot exist unless all the nutrients needed for 
cells to function are available, but it has taken centuries of expe-
rience and study to define this optimal nutrition, to understand 
what goes wrong that leads to disease, and to avoid the disease 
process altogether. Some nutritional strategies to prevent dis-
ease were known before specific nutrients were identified. Oth-
ers are suspected, but not yet proven. Still others are yet to be 
discovered. 

reView
Nutrition is the sum total of the interaction between the foods 
we eat and how our bodies use and process the nourishing 
substances in the foods. There are six classes of nutrients: car-
bohydrates, proteins, fats, vitamins, minerals, and water. Macro-
nutrients are fats, some minerals, proteins, carbohydrates, and 
water. They are required by the body in large amounts. Micro-
nutrients include vitamins and some minerals. They are required 
in small amounts. Both macronutrients and micronutrients are 
needed for good health and to prevent disease. Through the pro-
cess of metabolism, the nutrients in foods are made available to 
the body’s trillions of cells. Each cell is able to perform its work 
by breaking down and building up specific nutrients so that they 
can be used for energy, as cell building blocks, and to regulate 
cell function. Modern diets are often deficient in one or more 
nutrients, and these deficiencies lead to cell dysfunction. Scien-
tists are still learning about the complex relationship between 
nutrients and the prevention of disease.
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2
deficieNcy diseases

About 10,000 years ago, humans began to make the transition 
from eating the wild foods that nourished hunter-gatherers to 

eating foods from farming and ranching. Th is agricultural revolu-
tion had many advantages, including a population explosion and 
the establishment of towns and eventually cities. Still, it had disad-
vantages, too. Writing in the Cambridge History of Medicine, Ken-
neth F. Kiple says that the agricultural revolution led to a reduction 
in food diversity, compared with the varied diets of hunter-
gatherers. Th is reduction in variety is still seen today, although 
it is not as extreme as it was thousands of years ago. In the past, 
people may have had greater quantities of food available to them, 
but they depended on just a few staple foods to maintain life. Kiple 
explains that, at the beginning of the agricultural age, humans 
paid for this restricted diet with stunted growth and nutritional 
diseases. As nutritional quality declined, the “classic” vitamin and 
mineral defi ciency diseases appeared. According to Kiple, they are 
diseases caused by the advance of civilization. Th anks to modern 
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21deficiency diseases

science, people living in wealthy countries are rarely plagued by 
these diseases anymore, but people in poor countries still face the 
nutritional disadvantages of living in a civilized world.

Vitamin and mineral deficiency diseases are conditions in which 
the amount of a specific micronutrient in the diet is so low that dis-
ability and death occur relatively quickly. As civilization continued 
to advance, medical practitioners and scientists learned to recognize 
the symptoms of deficiency diseases and treated them with specific 
foods, sometimes even before they knew which micronutrients were 
involved. Vitamins, for example, were not discovered until the twen-
tieth century. Yet, long before that time, a few deficiency diseases 
could be treated and prevented with nutritional intervention. The 
different essential vitamins and minerals were identified one by one, 
as the human need for a wide variety of nutritious foods came to be 
understood. Each essential micronutrient is associated with its own 
specific disease and symptoms. Some deficiency diseases are very 
rare, but others have been common and widespread.

scurVy aNd VitamiN c
When Europeans first began sea voyages of exploration in the fif-
teenth century, a strange malady often sickened and killed crews. 
These sailors had a lack of energy, bleeding gums, loose teeth, 
swelling of the limbs, large purple marks on the skin (caused by 
bleeding into muscles), shortness of breath, heart palpitations, 
and finally jaundice (a yellowing of the skin and eyes), fever, con-
vulsions, and death. Their disease was named scurvy, and it was 
caused by the depletion of vitamin C from their bodies because of 
their limited diets aboard ship. Vitamin C is a water-soluble vita-
min, meaning that it cannot be stored in the fat cells of the body. 
It needs to be ingested every day; after about 30 days, any stored 
vitamin C in the body is used up. Fresh foods—such as fruits that 
contain vitamin C—were not available; the typical seaman’s diet 
consisted exclusively of cured, salted meat and hard biscuits. No 
one, however, suspected that nutrition was the cause of scurvy. It 
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Table 2.1 ViTamin Deficiency Diseases  
(noT incluDing rare Deficiencies)

Vitamin Deficiency 
Disease

symptoms food sources

Vitamin A Xerophthalmia Drying of tear ducts, 
ulcers of the cornea, 
blindness

Liver, eggs, orange 
and yellow fruits 
and vegetables, 
dark green leafy 
vegetables

Vitamin D Rickets (in 
children) and 
osteomalacia 
(in adults)

Bone malformation, 
bowed legs, bone 
pain, weakness

Fortified foods, 
such as milk;  
cod liver oil

Vitamin C Scurvy Bleeding gums, 
hemorrhaging, 
weakness, fatigue, 
edema, slow wound 
healing

Citrus fruits, 
berries, green 
peppers, melons, 
potatoes, 
tomatoes

Thiamine 
(vitamin 
B1)

Beriberi Muscle weakness  
and wasting, mental 
confusion, anorexia, 
nerve damage

Whole grains, liver

Riboflavin 
(vitamin 
B2)

[No disease 
name; always 
accompanied 
by other 
vitamin 
deficiencies.]

Purple tongue,  
mouth ulcers, 
cracked mouth 
corners, sore throat, 
skin breakdowns

Milk, leafy 
vegetables, 
eggs, meat, 
soybeans,  
wheat bran
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23deficiency diseases

was believed to be an infection, passed from person to person, and 
one from which almost no one recovered.  

In 1746, ship’s doctor James Lind conducted one of the world’s 
first controlled experiments in an effort to discover a treatment 
for scurvy. After 10 weeks at sea, 80 of the 350 sailors aboard his 

Vitamin deficiency 
disease

symptoms food sources

Niacin 
(vitamin 
B3)

Pellagra Vomiting, diarrhea, 
depression, skin 
rashes, fatigue, 
memory loss, 
disorientation

Meats, beans

Pyridoxine 
(vitamin 
B6)

B6 Deficiency Skin disorders, 
anemia, convulsions

Meats, whole 
grains, nuts, 
beans

Folic acid 
or folate 
(vitamin 
B9)

Folic acid 
deficiency, 
anemia

Fatigue, weakness, 
fainting, anorexia, 
headache, irritability, 
trouble breathing

Leafy vegetables, 
liver, orange 
juice, beans, 
wheat germ

Vitamin 
B12

Pernicious 
anemia

Immature red 
blood cells, nerve 
damage, memory 
loss, disorientation, 
dementia, vision 
problems, insomnia, 
loss of bladder and 
bowel control

Animal products 
(vegans 
may need 
supplements)

Adapted from “Micronutrients in Health and Disease,” “Table 2: Vitamin Functions, Defi-
ciency Diseases, Toxicity Symptoms, and Dietary Reference Intakes,” NutritionMD. Avail-
able Online. URL: http://www.nutritionmd.org/health_care_providers/general_nutrition/
micro_table2.html
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figure 2.1 Scurvy is caused by a deficiency in vitamin C, which is 
essential to the body’s production of collagen—the connective tissue 
that holds together skin, bones, muscles, organs, and nervous system. 
Symptoms of this disease include bleeding gums, swelling of limbs, 
hard bumps on the leg muscles, and red spots around the hair follicles 
on the legs and other areas.
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ship were suffering with the disease. Lind chose 12 of them and 
subjected them to 6 treatments that were often recommended in 
folklore as helpful against scurvy. Lind ordered two men to drink 
a quart of cider a day. Two drank half a pint of seawater every day. 
Two were dosed with spoonfuls of vinegar. Two more were given 
doses of a “tonic” that included mustard seed, nutmeg, and garlic 
three times a day, as well as being purged (given laxatives plus 
medicine to induce vomiting in order to “clean out” the body) 
by the doctor on a daily basis. Two men were fed a medicine of 
the time that Lind identified as “elixir vitriol”—a concoction that 
included, among other ingredients, alcohol and sulfuric acid. And 
the last two men were given two oranges and a lemon each day for 
six days (at which time the supply was gone).

The two men who had been given oranges and lemons 
made dramatic recoveries. Lind had discovered how to cure—or 
prevent—scurvy, although he still did not know that nutritional 
deficiency was the cause. He continued to believe that the disease 
was caused by the humidity at sea. Nevertheless, in 1795, the 
British Admiralty issued a requirement that all seamen on its 
ships must be issued a daily ration of lime juice. This order ended 
scurvy in the British navy and gave British sailors the nickname 
“Limeys.” Limeys were lucky. It has been estimated that at least 
one million people died of scurvy by the end of the nineteenth 
century. They were sailors, explorers, prison inmates, institution-
alized patients—any people without access to fresh fruits and 
vegetables. All of their symptoms were the result of a breakdown 
in the collagen in their bodies. Vitamin C is essential to the pro-
duction of collagen, the connective tissue that holds together our 
skin, bones, muscles, organs, and nervous systems. It also helps 
the body’s cells to use other essential vitamins and minerals.

discoVeriNg VitamiNs aNd  
curiNg beriberi
Not until the twentieth century did the world understand that 
certain “factors” in foods were necessary to healthy body func-
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tioning. In 1912, these first-recognized factors were named “vita-
mines” by the Polish scientist Cashmir Funk, because they were 
“vital” to life.  In 1928, scientists finally isolated the factor in citrus 
and other fresh foods—vitamin C, or ascorbic acid—that pre-
vented scurvy. In 1929, Sir Frederick Gowland Hopkins, a British 
chemist, received a Nobel Prize for work that proved that essen-
tial nutrients existed in foods and were necessary for health and 
growth. He shared the prize with Christiaan Eijkman, a Danish 
scientist who had found the cause of beriberi, a vitamin deficiency 
disease that killed thousands around the world. 

Beriberi is caused by a deficiency in vitamin B1, also known 
as thiamine. Symptoms include muscle weakness, lameness and 
paralysis, edema (fluid buildup), pain, fever, and finally heart fail-
ure, psychosis, and death. Beriberi first came to the attention of 
Europeans when they began ocean exploration and colonization 
of Asia. The Dutch were the major seafarers of time. During the 

starViNg for Potatoes

Between 1845 and 1851, a fungal disease called blight struck the 
potato crops in Ireland, resulting in almost total crop failures as pota-
toes rotted in the fields. The Great Potato Famine, as it came to be 
called, was a disaster because the laborers and poor peasants of Ireland 
were almost completely dependent upon potatoes as their main source 
of food. It has been estimated that a typical working man in Ireland at 
the time ate 14 pounds (6.3 kilograms) of potatoes every day. Without 
potatoes to eat, more than one million Irish died. They starved to death 
or succumbed to scurvy, pellagra, and beriberi, as well as the “famine 
diseases” of cholera and typhus that attack weakened bodies. Potatoes 
provided about 80% of the calories of the Irish poor. They were the 
only source of vitamin C in the Irish diet. They also provided the B vita-
mins that prevented beriberi and pellagra. 
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seventeenth century, they established the Dutch East India Com-
pany. Over the centuries, the company became a multinational 
corporation with the goals of trading, establishing colonies, and 
settling in China, Sri Lanka, Indonesia, and the Pacific Islands. 
Often, the Europeans were struck down by a terrible, mysterious 
disease, one already well-known to native populations.  Sri Lank-
ans gave beriberi the name we know today; it is a Singhalese word 
meaning “I cannot.” It was a reference to the inability to walk or 
even think clearly due to the total breakdown of the body.

By the nineteenth century, beriberi was epidemic among Euro-
pean settlers in many parts of Asia and the Pacific. It was rampant 
in Indonesia. It had become the scourge of the Japanese navy, too. 
Yet, the poorest members of indigenous populations did not get 
the disease; it seemed to single out the “civilized,” urban, well-off 
people instead. It was indeed a disease of civilization, a result of 
eating white rice. White rice has been polished to remove the husk, 

In an effort to alleviate the suffering in Ireland, the British gov-
ernment bought shipments of corn to be distributed to the starving 
people. Soup kitchens provided gruel made with cornmeal and rice, 
with perhaps one slice of bread. By 1847, scurvy became an epidemic. 
Doctors were shocked to find “sea-scurvy” occurring in the country-
side. They coined a new name for the disease—“land scurvy.” Medi-
cal researchers theorized that the scurvy was somehow related to the 
potato crop failure, but few understood that grains, which provide no 
vitamin C, were no substitute for potatoes. No recognition of B vitamin 
deficiency disease existed. More people died of nutritional diseases 
than died of actual starvation. By the time the potato famine ended, 
Ireland had lost one-quarter of its people, either to death or to immi-
gration spurred by the need to escape the famine. 
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or bran. The bran contains thiamine. The poorest people ate a diet 
consisting mostly of rice, too, but they could not afford white rice. 
They had to eat brown rice, which still had the thiamine-containing 
bran. This protected them from beriberi.

chickeNs to the rescue
In 1886, the Dutch East India Company sent Eijkman, a medical 
doctor, to Indonesia to search for the “germ” or supposed parasite 
that caused beriberi. Eijkman spent 11 years failing at the task, and 
finally was given the answer by a flock of chickens. One day, as 
he happened to walk by a chicken coop, Eijkman noticed that the 
chickens looked like they had beriberi. Their wings hung loosely, 
and they stumbled around on feet that looked twisted and para-
lyzed. A few weeks later, they had mysteriously recovered. The 
chickens lived in the compound where Eijkman had his labora-
tory and were fed by the cook. Eijkman questioned the cook and 
discovered that the previous cook had run out of the cheap brown 
rice that the chickens usually were fed. So he fed them white rice 
instead. The new cook refused to waste expensive white rice on 
chickens, and fed them only brown rice. It was the clue Eijkman 
needed. With further experiments, he discovered that brown rice 
prevented beriberi in chickens. (This was also true, Eijkman and 
other scientists later discovered, of beans, lentils, and any whole-
grain cereal.) Eijkman did not know what the “active principle” 
was that prevented beriberi, but he did hypothesize that it was a 
nutrient in food.

Thiamine was the first vitamin to be identified during the 
1920s. Today, scientists know that it is essential for building an 
enzyme in the body that is used to produce energy from glucose, 
and for converting glucose to fat so that it can be stored. Without 
any thiamine in the diet, muscles, nerves, and the digestive sys-
tem break down, and beriberi develops in about 30 days. People 
need only about 1 or 2 milligrams of thiamine a day to prevent 
beriberi. (One milligram equals about 0.03 ounces.) This small 
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figure 2.2 Dutch doctor Christiaan Eijkman discovered that brown rice 
prevented beriberi in chickens after hypothesizing that the birds’ recovery 
must be because of a nutrient in the food. The answer turned out to be 
the vitamin thiamine, which is essential for building an enzyme in the 
body that is used to produce energy from glucose and for converting 
glucose to fat so that it can be stored.
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quantity of thiamine protects people in wealthy countries from 
disease and death from beriberi, mostly because it is routinely 
added to many of the processed foods we eat, such as white bread 
and polished rice, in a process called fortification or enrichment. 
This process returns the thiamine that was lost when the grain 
was milled and the husk removed. 

VitamiN d aNd rickets
Fortification stopped another vitamin deficiency in wealthy coun-
tries during the twentieth century. The disease was rickets, and its 
primary cause was a lack of vitamin D. Beginning in the seven-
teenth century, rickets was epidemic among poor children living 
in crowded, dirty, industrial cities, especially northern ones. At 
the end of the nineteenth century, one study of children in two 
cities in the Netherlands and the United States reported that 80% 
to 90% of the children had rickets. These children experienced 
a softening of their bones, increased risk of bone fractures, mis-
shapen ribs, and deformities of legs that bowed under the weights 
of their bodies. Without enough vitamin D, they could not prop-
erly absorb calcium, the major building block of strong bones. If 
rickets progressed unchecked, the children died, because calcium 
also is essential for the functioning of other body tissues, such as 
the brain and intestines.

Vitamin D is known as the sunshine vitamin because it can be 
absorbed through the skin from the sun’s rays. However, winter 
sunshine is weak. Winter weather often keeps children inside, 
and winter storms produce clouds that block the sun. Even in 
summer, industrial cities in the past were so polluted that little 
sunshine reached children living in dark, crowded tenements and 
slums. Children with darker skin also absorb vitamin D from the 
sun less efficiently than paler children. Few foods are a source of 
vitamin D. Vitamin D from the sun is metabolized by and stored 
in the liver. It is fat soluble, so it could be obtained from cod liver 
oil, but few children were offered this “tonic” until the 1930s. That 
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is when the connection between sunshine, vitamin D, and rickets 
was finally understood. By the 1940s, milk was routinely forti-
fied with vitamin D, and infants were given cod liver oil daily. In 
wealthier, industrialized countries, rickets was all but eradicated.

NiaciN aNd PeLLagra
The 1930s saw efforts to eradicate another vitamin deficiency 
disease—one that was especially rampant in southern regions 
of the United States. It was pellagra, caused by the combination 
of a low-protein diet and a lack of vitamin B3 (niacin). Dr. V. P. 
Sydenstricker, writing in The American Journal of Clinical Nutri-

figure 2.3 These children in a hospital in Soweto, South Africa, 
suffer from rickets. Rickets is caused by a vitamin D deficiency; the 
body cannot properly absorb calcium without it. Those with the 
disease can experience softening of bones, misshaped ribs, and legs 
that bow under the weight of the body.
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tion, calls pellagra “a manmade disease” because it results from 
dependence on corn as a dietary staple. Pellagra usually occurred 
among people who could not afford to buy meats, eggs, or milk. 
The disease was also epidemic in institutions such as orphanages, 
mental hospitals, and prisons, where cheap foods were a priority. 
The problem was that the corn was heavily processed and milled 
so that the hull, with its niacin, was gone. People lived on corn-
meal, grits, cornstarch, and perhaps some pork fat and greens.

Without niacin in the diet, most cell metabolism fails. Nia-
cin can be manufactured by the body, but only if certain amino 
acids are available in the diet. Poor or institutionalized people, 
with neither niacin nor these amino acids, suffered the “4 Ds”: 
diarrhea (accompanied by nausea and inability to eat), dermatitis 
(skin breakdowns and red rashes), dementia (insanity), and death 
(usually due to heart failure). In the early twentieth century in the 
United States, about 100,000 people came down with it each year, 
and 10,000 died. By 1930, about 200,000 people got the disease 
each year and about one in every three people with pellagra died 
from it. 

During the 1930s, scientists and medical doctors came to 
understand the role that nutrition played in the onset of many 
diseases, but for years they could not find the factor that cured 
pellagra. They discovered that certain foods, such as liver and 
yeast, could be effective in treating the disease, but because their 
pellagra patients often vomited up any food, their efforts at treat-
ment frequently failed. During the search to isolate the “anti-
pellagra vitamin,” researchers discovered other B vitamins—B6 
and riboflavin. However, it was not until 1937 that a research team 
isolated and purified niacin. In 1938, researchers discovered that 
riboflavin cured pellagra patients of the skin conditions (the der-
matitis) that accompanied pellagra. By the 1940s, with the poverty 
of the Great Depression at an end, white flour, corn meal, grits, 
and white rice all were fortified or enriched with B vitamins. Pel-
lagra was a killer no more.
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the miNeraL for the thyroid gLaNd
The first half of the twentieth century saw an end to many micro-
nutrient deficiency diseases in wealthy countries, and mineral 
deficiency diseases were no exception. Iodine, for instance, is a 
somewhat rare kind of salt that occurs in seawater and in the soil, 
air, and fresh water in coastal regions. Where it occurs naturally, 
plants absorb the iodine from the soil. Animals and people who 
eat the plants or drink the water ingest iodine. Once absorbed, 
iodine travels through the bloodstream and is used by the thyroid 
gland in the neck as an essential part of hormone production. 
These hormones control the rate at which cellular metabolism 
occurs throughout the body, and they ensure the smooth func-
tioning of nerve cells and body growth.

 Without iodine, the thyroid gland malfunctions, and two 
terrible diseases result. Goiter is the swelling of the thyroid gland 
as it struggles to produce hormones without enough iodine. 
People with goiters have large, disfiguring lumps on the sides of 
their necks. In severe cases, the thyroid gland cannot function. 
Affected people suffer with fatigue, dry skin, chills, depression, 
and mental slowness. If a pregnant woman is severely deficient in 
iodine, her fetus is badly affected. The child is born with a birth 
defect known as cretinism. He or she has a goiter and is severely 
mentally retarded, has stunted growth, and is often deaf.

In 1922, a region of the American Midwest was known as the 
“goiter belt” because the incidence of goiter was so high there. 
Goiter and cretinism were also epidemic in Switzerland, and 
for the same reasons. Both areas are far from oceans, and that 
means they are far from naturally occurring iodine. In that year, 
pediatrician David Cowie of Michigan organized the Iodized Salt 
Committee of the Michigan State Medical Society. On the basis 
of previous medical research, it urged the voluntary addition of 
iodine to table salt. By 1924, the committee’s efforts were a suc-
cess, and iodized table salt was sold in stores, advertised as a ben-
efit to the public health. In Switzerland, the year 1922 was pivotal, 
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too. Th e Swiss Commission of Goiter was established, and on its 
recommendation, salt was required to be iodized throughout the 
country.

iodiNe deficieNcy today 
In both the U.S. goiter belt and in Switzerland, the incidence of 
goiter and cretinism dropped dramatically. Gradually, because of 
iodized salt, both goiters caused by iodine defi ciency and cretinism 
disappeared throughout much of the world. Yet, despite scientifi c 

figure 2.4 This map shows the layout of the former “goiter belt” in 
the northern United States and the areas in which the iodine content of 
drinking water is naturally low.
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knowledge, iodine deficiency is not a disease of the past. Neither 
are other mineral and vitamin deficiency diseases, although the 
ability to prevent all these diseases has existed for decades. In 
poorer countries, many of these diseases are still rampant. For 
example, about 13% of the world’s population suffers with iodine 
deficiency and goiter. Most of them live in Africa, the Middle 
East, China, and South America. In 1996, scientists estimated 
that at least 10 million people in China were mentally retarded 
because of iodine deficiency. In 2006, iodine deficiency remained 
the top preventable cause of mental retardation throughout the 
world, affecting some 20 million children. The problem is not one 
of nutritional information, but one of poverty and lack of govern-
mental prevention efforts in poor countries. 

figure 2.5 Due to poverty and lack of governmental prevention 
efforts, poor countries such as Bangladesh, where the woman shown 
here lives, have many cases of goiter and iodine deficiency. 
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cLassic deficieNcy diseases iN the 
moderN worLd
In 2004, the United Nations International Children’s Emergency 
Fund (UNICEF) established a yearly global reporting system on 
the prevalence of nutritional deficiencies. It states that one-third of 
the world’s population suffers from vitamin and/or mineral defi-
ciencies. Half of all children with a vitamin or mineral deficiency 
suffer not one deficiency, but multiple deficiencies. Micronutrient 
deficiencies are particularly damaging to children because their 

the worLd’s most commoN  
deficieNcy disorder

Iron is an essential mineral that is used to produce hemoglobin—the 
protein in red blood cells that carries oxygen throughout the body and 
gives blood its red color. When iron is deficient in the body, hemo-
globin cannot be produced, red blood cells are small and pale, and 
iron-deficiency anemia develops. Iron deficiency is the most common 
cause of anemia. Symptoms include paleness, fatigue, rapid heart rate, 
irritability, and a sore, swollen tongue. Iron-deficiency anemia can 
develop either because the diet is low in iron or because the body has 
an increased need for iron. Increased need may be the result of rapid 
growth, such as when children and teens go through growth spurts, 
or when women are pregnant or breastfeeding an infant. Loss of blood 
also can lead to a loss of iron and anemia. This situation may occur with 
menstruation in women or because of injury or undiagnosed internal 
bleeding, especially in the gastrointestinal tract. Iron-deficiency ane-
mia is easily diagnosed with a blood test that measures the number of 
red blood cells in the bloodstream and, assuming an injury is not the 
cause, it is easily treated with iron supplements. Foods providing iron 
include meats, leafy greens, lima beans, black-eyed peas, pinto beans, 
eggs, and iron-fortified breads. Oysters and beef liver are particularly 
rich in iron. 
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bodies and brains are growing rapidly and because the lack of 
specific nutrients makes it difficult for them to fight off common 
diseases. For example, UNICEF reports that 140 million children 
under the age of 6 suffer vitamin A deficiency, the leading cause 
of blindness in 118 countries. A deficiency in the mineral zinc 
causes the deaths of 800,000 children each year because their 
bodies cannot fight off infections. A deficiency of iron in the diet 
kills about 50,000 young women a year because they hemorrhage 
(bleed excessively) during childbirth.

Classic vitamin deficiency diseases have not disappeared from 
the developing world, either. Outbreaks of pellagra, beriberi, and 
rickets continue wherever people have severely restricted diets. 
For example, an outbreak of beriberi occurred in a prison in the 
Philippines in 2009. About 40 prisoners came down with beriberi 
due to a cheap, unvaried diet of polished rice, dried fish, and 
squash or sweet potato soup. In Thailand, in 2005, a group of 15 
fishermen developed beriberi after two months at sea eating noth-
ing but seafood and polished rice. Two of them died.

 In Ulan Bator, Mongolia, the government’s Health Author-
ity reported in 2009 that rickets, especially among infants, was a 
major problem. About 40% of newborn babies in this capital city 
were estimated to be at risk for rickets. One reason these babies 
are vulnerable is the traditional practice of swaddling infants, 
which means that little skin is exposed to the sun. Medical scien-
tists say that where children are kept indoors, covered in clothing, 
or living in smoggy, industrial cities, the risk of rickets is high.

Pellagra is endemic in poor countries where diets are high in 
corn and low in protein, including parts of Africa, China, India, 
and Indonesia. No one knows the incidence of pellagra in the 
world, but the largest documented epidemic in modern times 
occurred in Angola between 1999 and 2002, in the town of Kuito. 
Due to a civil war, refugees in the town had little food, especially 
high-protein food. A total of 3,859 cases of pellagra were identi-
fied by the relief agency Médecins Sans Frontières (Doctors with-
out Borders). In 2008, in Zimbabwe, a news report claimed that 
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400 inmates out of 1,300 in a Harare prison died of pellagra after 
being fed a diet consisting only of cabbage and sadza (cornmeal). 
Although epidemics of pellagra are rare, pockets of poverty and 
refugee crises in the developing world mean that niacin deficiency 
continues to claim victims.

to PreVeNt deficieNcy diseases
Vitamins and minerals are cheap. In wealthy countries, both are 
routinely added to foods. UNICEF estimates that such fortification 
of staple foods in developing countries would cost only a few cents 
per person per year. Fortification of foods such as flour, sugar, 
cooking oil, and salt would eradicate micronutrient deficiency dis-
eases in much of the world. UNICEF says that the solution to the 
problem involves governments making it a priority to require food 

figure 2.6 This graph shows the percentage of children 6 months to 
4 years and 9 months old (59 months old) given two doses of vitamin A 
by UNICEF in 2008. The information represents work in 59 countries that 
have national programs.
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fortification. It has partnered with many poor nations to achieve 
this goal. In addition, global relief organizations and governments 
can provide cheap vitamin supplements to vulnerable people. For 
example, in cooperation with UNICEF, 40 poor countries now 
provide at least 70% of their children with at least one vitamin 
A capsule per year. This small amount is not really adequate, but 
since the inception of UNICEF’s Micronutrient Initiative in 2004, 
it has saved the eyesight of “hundreds of thousands” of children, 
says the Global Progress Report. In addition, iodine deficiency 
has been halved around the world. In places such as Angola, relief 
organizations administer vitamin supplements and enriched diets 
in order to save the lives of people with pellagra. The solution to 
vitamin and mineral deficiency diseases is simple, yet one-third of 
the world’s population still suffers with them. UNICEF says, “The 
challenge is therefore clear. And when so much could be achieved 
for so many and for so little, it would be a matter of global disgrace 
if vitamin and mineral deficiency were not brought under control 
in the years immediately ahead.” 

tabLe 2.2 ProfiLe of seLected 
microNutrieNt deficieNcies iN haiti

Population 9,296,000

Mortality rate of children under age 5: 80 per 1,000

Vitamin A deficiency in children 6 to  
59 months old

32%

Iodine deficiency 58.9%

Prevalence of anemia in children 6 to 
59 months

60.6%

Prevalence of anemia in women 45.8%

Source: www.micronutrient.org, 2010.
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reView
Classic vitamin and mineral deficiency diseases occur when the 
intake of a specific micronutrient is so low that serious illness is 
the result. Until the essential vitamins and minerals were discov-
ered and isolated during the first half of the twentieth century, sci-
entists did not understand the relationship between nutrition and 
disease. Epidemics of diseases occurred as the result of eating a 
restricted diet that led to deficiency in one or more micronutrient. 
Each micronutrient is linked to a specific disease. For example, a 
lack of vitamin C causes scurvy; a severe deficiency of vitamin 
D leads to rickets; a failure to ingest different B vitamins causes 
pellagra or beriberi. Mineral deficiencies cause diseases such as 
goiter, cretinism, and anemia. Today, these diseases are virtually 
eradicated in wealthy countries, due to scientific knowledge and 
the fortification and enrichment of foods. However, vitamin and 
mineral deficiency diseases continue to plague the developing 
world. Global initiatives to provide enriched staple foods and vita-
min supplements to people in poor countries are ongoing.
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uNderNutritioN 

A s devastating as micronutrient defi ciencies can be, a more 
serious problem is undernutrition. Undernutrition is a type 

of malnutrition or starvation caused by a defi cit in calories, 
protein or both. It also is called protein energy malnutrition 
(PEM). In 2008, in the medical journal Th e Lancet, research-
ers estimated that undernutrition is responsible for 2.2 million 
deaths each year in children under fi ve. Médecins Sans Fron-
tières (Doctors without Borders) puts the number of deaths at 
5 million children per year.

Pem aNd the body
A person getting too few calories is likely to be getting too few 
micronutrients as well, but PEM has extreme consequences. Not 
getting the calories it needs, the body fi rst breaks down fat to 
use for energy. Th en, it begins to break down muscle and organ 
tissue. If the situation continues long enough, organ death and 

3
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figure 3.1 The countries shaded on this map have high mortality rates 
due to malnutrition for children under five. 
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death by starvation are the result.  Without the protein intake 
needed to build body cells, the same organ malfunction and 
death can occur. Although anyone of any age can suffer from 
acute protein energy malnutrition, it is particularly devastating 
for children who do not have access to enough food. Their growth 
and development are severely, and often permanently, affected. 
They cannot fight off the most minor infections, and are likely 
to die. Undernutrition is usually a problem among the very poor 
in developing countries. Dr. Simon Rabinowitz, a medical expert 
on undernutrition, estimates that 50% of children in Asia are 
malnourished, as are 30% in Africa and 20% in Latin America. 
However, undernutrition also can occur among certain popula-
tions in wealthy countries. 

figure 3.2 Protein energy malnutrition (PEM), or undernutrition, has 
extreme and devastating consequences, especially for children who do 
not have enough food. The two Bangladeshi children on the left are 
malnourished and suffer from diarrhea; the child on the right recovered 
with a proper diet in a research hospital in Bangladesh. 
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marasmus
PEM takes two main forms. Marasmus is the disease caused by 
a deficit in calories and energy. Although it is primarily caused 
by too little food, or a negative energy balance, it also may occur 
because the food eaten is not being absorbed and metabolized, 
such as in the case of prolonged vomiting and diarrhea. Children 
with a negative energy balance are less active, lethargic, grow 
slowly, lose weight, and have a slowed metabolism.

As the deficit continues, the victim becomes emaciated.  The 
brain, skeleton, and kidneys consume energy at high rates, and 
these organs receive available nutrients first. The pancreas, diges-
tive tract, liver, and heart begin to break down. Muscles begin to 
waste away as the body breaks them down for energy. Then, bones 
stop growing. The thyroid gland begins to shrink, and a condi-
tion called hypothyroidism develops. This means that the thyroid 
gland is not producing hormones in the right quantity, and so the 

aNorexia NerVosa

Anorexia nervosa is a medical and psychological disorder that leads 
to self-starvation through extreme dieting and exercise. An individual 
affected by this eating disorder may become emaciated and yet continue 
to believe that he or she is too fat. Severe protein energy malnutrition 
(PEM) is a likely outcome when the disorder is untreated. An anorexic 
person with PEM is a true medical emergency. These people require 
hospitalization and re-feeding treatment, in addition to long-term 
residential treatment and/or psychological intervention so that they can 
return to eating a normal diet. Although the disorder is treatable, the 
physical symptoms and dangers are the same as with any case of PEM, 
and the risk of death from heart failure is significant. Even when health 
is regained, permanent damage can result, such as stunted growth or 
heart problems. 
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signals to the body to regulate growth, temperature, and brain 
and heart function fail. The heart enlarges, and brain functioning 
may be disabled.

bodiLy deVastatioN
Multiple vitamin and mineral deficiency symptoms appear, and 
the body’s immune system becomes impaired. The immune sys-
tem is the complex way the body protects itself against disease. 
The body stops producing enough germ-fighting cells such as T 
cells, which seek out and destroy foreign invaders. The antibody 
called immunoglobulin A (IgA) also is severely deficient. IgA is a 
protein, as are all antibodies, and is made by the immune system 
in response to foreign proteins, such as bacteria. IgA is found in 
areas of the body with mucous membranes, such as in the mouth, 
eyes, and intestines. When it is deficient, infections easily attack 
and take hold, particularly in the digestive system, because the 
few antibodies available are overwhelmed by infectious invaders.

If an infection does not kill the child, he or she begins to look 
shrunken and wasted. Even facial fat disappears. Finally, the 
essential organs, such as the brain, are affected, and the child may 
become permanently mentally impaired. When marasmus is at 
its most severe, the child characteristically resembles an elderly 
person, loses interest in his or her surroundings, is apathetic and 
unresponsive, and according to observers, seems to be lying still 
and waiting for death. The mortality rate for children with mar-
asmus, even with medical intervention, can be as high as 30%. 
According to the World Health Organization (WHO), marasmus 
is a serious problem around the world. The WHO estimates that it 
affects some 50 million children in the first five years of life.

marasmus iN weaLthy couNtries
In wealthy countries, marasmus usually affects children with 
chronic diseases, institutionalized children, or those who are 
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neglected or abused. For example, a child with cystic fibrosis—
a genetic disease that causes an increased calorie need and 
poor absorption of nutrients—can easily become malnourished. 
Without treatment, such a child simply cannot eat enough to 
maintain normal weight and to grow and develop properly. The 
child may have a huge appetite, but the body excretes many nutri-
ents because it cannot make the enzymes required for efficient 
metabolism. Eventually, the child can become emaciated and lose 
interest in food.

Although it is rare today, in the past, infants in orphanages 
sometimes exhibited failure to thrive (the first stage of maras-
mus) because they were not touched and caressed and received 
no loving emotional support. Such infants often lost interest in 
food and wasted away. Occasionally, infants subjected to extreme 
child abuse and neglect in their own homes may develop mar-
asmus, because they are ignored or because they are not offered 
proper food. The parent may intentionally starve the infant or be 
so ill or depressed that the baby is left isolated, not parented, and 
irregularly fed. Most often, such cases occur in the first year of 
the child’s life.

treatiNg marasmus
Treatment of marasmus is difficult because the person doesn’t 
want to eat, and the digestive system no longer works properly. 
Dr. Rabinowitz says that prevention is much easier than treat-
ment, which is usually prolonged and complicated in severe cases. 
Almost always, the treatment is further complicated by the imme-
diate need to treat serious infections. Fluids—carefully balanced 
with glucose and salt—are the first requirement, because children 
with marasmus are dehydrated and suffer electrolyte imbal-
ances. Often, the fluid solution is provided through a tube that is 
threaded through the nose and into the stomach. Treatment aims 
to avoid cardiac failure (from shocking the body with too much, 
too soon) and to overcome the victim’s anorexia so that re-feeding 
can begin. Feeding is done by mouth or by the tube. The number 
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tabLe 3.1 how starVatioN affects the body

area effects

Digestive system Decreased production of stomach acid
Shrinking of the stomach
Frequent, often fatal, diarrhea

Cardiovascular system 
(heart and blood vessels)

Reduced heart size, reduced amount of 
blood pumped, slow heart rate, and low 
blood pressure

Ultimately, heart failure

Respiratory system Slow breathing and reduced lung capacity
Ultimately, respiratory failure

Reproductive system Reduced size of ovaries and testes
Loss of sex drive (libido)
Cessation of menstrual periods

Nervous system Apathy and irritability
In children, mental retardation (sometimes)
Mental dysfunction, particularly in older 

people

Muscles Reduced muscle size and strength, 
impairing the ability to exercise or work

Blood Anemia

Metabolism (body processes 
to convert food into 
energy or to synthesize 
needed substances)

Low body temperature (hypothermia)
Fluid accumulation in the arms, legs, and 

abdomen
Disappearance of fat

Skin and hair Thin, dry, inelastic skin 
Dry, sparse hair that falls out easily

Immune system Impaired ability to fight infections and 
repair wounds

Source: From Thomas, David R., MD. “Undernutrition,” The Merck Manuals Online Medi-
cal Library. Available Online. URL: http://www.merck.com/mmhe/sec12/ch153/ch153a.
html. 
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of calories is slowly increased until each day the child is receiv-
ing about 80 calories for every 2.2 pounds (1 kilogram) of body 
weight. The calories are given in about 12 small meals a day. At 
first, most of the calories must come from carbohydrates, because 
fats are poorly absorbed by the damaged metabolic systems, and 
proteins may cause kidney failure.

As the child improves and starts to recover, calories are 
increased, eating by mouth is strongly encouraged, vitamin and 
mineral supplements are provided, and fats and proteins become 
larger portions of the diet. Rabinowitz explains that emotional 
support, play with other children, interaction with family, and 
loving attention are critical to recovery, too. He says that the first 
smile from a marasmic child is an excellent sign of progress. Once 
a child with marasmus is a normal weight and is eating properly, 
he or she is discharged from the hospital or clinic, but follow-up 
is necessary for at least one month to be sure the child does not 
relapse. When properly treated, even a child with severe maras-
mus is likely to recover, as long as adequate calories and nutrition 
remain available.

kwashiorkor
Kwashiorkor, the other major PEM, may require an equally dif-
ficult treatment program. Kwashiorkor is a disease of protein 
malnutrition that usually occurs in poor countries, especially 
during times of drought, famine, or war. The rare cases of kwashi-
orkor in wealthy countries are almost always due to child abuse. 
However, it also is sometimes a problem among institutionalized, 
disabled adults, such as elderly people confined to nursing homes. 
Kwashiorkor is a term from the African language of Ga.  It means 
“the evil spirit that infects the first child when the second child is 
born.” The name accurately reflects both the age at which kwashi-
orkor most typically begins (between 1 and 3 years) and the most 
common trigger of the disease. When a second child is born, 
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the mother stops breastfeeding the first in favor of the newborn 
infant. The toddler is thus deprived of the protein in the mother’s 
milk. Usually, the weaned child is then fed an extremely poor 
diet. Although calories are adequate, they are almost exclusively 
from carbohydrates, such as rice, corn, yams, or cassava; the child 
receives little or no protein. As might be expected from such a 
diet, the child with kwashiorkor suffers deficiencies in vitamin A, 
vitamin C, and the B vitamins, as well as in iron and iodine. It is 
theorized that a lack of essential fatty acids also plays a role, and 
some researchers suspect that moldy foods, which are common 
in tropical countries, might be an important factor. The toxins 
from mold have to be detoxified by the liver, and too much toxic 
overload can damage the liver. Children with kwashiorkor always 
have damaged livers.  Most of these children also have parasitic, 
viral, or bacterial infections, as well as chronic diarrhea.

the PeriL of kwashiorkor
All of the symptoms of kwashiorkor occur because the body is 
missing the essential amino acids that are the building blocks it 
needs for maintaining body structure and function. The defining 
symptom of kwashiorkor is edema: an accumulation of fluids in 
the body. The child with kwashiorkor does not appear emaciated, 
but swollen. The edema usually starts in the feet and ankles and 
then spreads as the disease progresses. A child with severe kwash-
iorkor has a swollen belly, puffy cheeks, and swollen hands. Other 
symptoms include lethargy, fatigue, muscle wasting, flaking skin, 
and thin, reddish, brittle hair. The child fails to grow and is seri-
ously underweight, although the edema can hide the problem. He 
or she also is irritable, lifeless, and loses appetite. 

Kwashiorkor puts a child in serious danger of death: About 4 
of every 10 children with this disease will die of it. Once the dis-
ease becomes severe, it is difficult to treat. Even when treatment 
is successful, the child will never achieve his or her full height. 
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As with marasmus, treatment begins with rehydration, treat-
ment of infection, restoration of electrolyte balance, vitamin 
and mineral supplements, and slow feeding. Too much protein 
cannot be given right away, or the liver might be overloaded 
and permanently damaged. When kwashiorkor was first rec-
ognized as a disease during the 1930s, the death rate was 90%, 
even among hospitalized children. These deaths often occurred 
because the victims had metabolisms that were adapted to a 
starvation diet. When the children were suddenly given lots of 
healthy food, they could not metabolize it. Instead, they went 
into shock, suffered from liver failure and kidney failure, and 
died from heart failure.

PreVenTing Pem
Just as with the treatment of PEM, prevention of kwashiorkor 
and marasmus is a complex problem. Many severely malnour-
ished children do not fall into one neat PEM category or the 
other. The third PEM, marasmic kwashiorkor, is the term for 
children exhibiting symptoms of both diseases. In the real 
world, it can sometimes be impossible to separate one disease 
from the other. Nevertheless, the severity and danger of any 
PEM is well known. In theory, it would seem simple to solve 
the problem of PEM: provide enough calories for growth and 
health, with a minimum of 12% of those calories coming from 
high-quality protein foods and 10% coming from fats. However, 

(opposite page) figure 3.3 Though kwashiorkor is caused by 
malnutrition, children with this condition appear swollen rather than 
emaciated. Esinyen Ekuwam, seen here in 2004 at 3 years old, suffers from 
this condition in Kalapata, Kenya, where a drought ruined production of 
doom palm. The residents there depend almost completely on this fruit for 
subsistence, even though it has almost no nutritional value and causes the 
digestive tract to shut down, leading to swollen bellies and starvation. 
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in areas of the world with chronic malnutrition, preventing 
undernutrition is not simple. 

The World Health Organization (WHO) estimates that by 
2015, malnutrition will affect 17.5% of the world’s population. 
This estimate represents a decrease from about 26.5% in 1990, a 
decrease due in large part to global efforts to prevent hunger by 
the WHO and other worldwide relief organizations. However, 

the right to food 

In 1948, the United Nations issued The Universal Declaration of Human 
Rights. Article 25 begins, “Everyone has the right to a standard of liv-
ing adequate for the health and well-being of himself and of his fam-
ily, including food….” Since that time, this right has been difficult to 
achieve, but Brazil is one country that is taking the declaration seriously 
and trying to ensure the right to adequate food for all its citizens. Begin-
ning in 2003, the Brazilian government instituted a variety of programs 
with the goal of eliminating hunger in the country by 2015. The initia-
tive is called “Fome Zero” (“Starvation’s Over”).  One of its programs, 
“Bolsa Familia” (“Family Grant”), provides cash from the government to 
poor families who will agree to keep their children in school, get their 
children vaccinated, and submit to regular nutritional monitoring for 
pregnant women and all children in the family under seven years old. 
The hope is that education and good health in childhood will perma-
nently end the poverty that causes undernutrition. It will mean that, as 
adults, these children will be able to get good jobs and earn enough 
money to support their own families. Fome Zero is already yielding 
dramatic results. Brazil reports that malnutrition among babies had 
dropped 75% by 2008. Between 2002 and 2007, rates of hospitalization 
for malnutrition were reduced by 35%. Among families enrolled in the 
Bolsa Familia Program, 93% of the children and 82% of the adults were 
eating three or more meals a day by 2007. 
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despite the reduction of malnutrition around the world, the inci-
dence of PEM has increased in certain areas of Africa, from 24% 
to 26.8%. In an effort to prevent chronic malnutrition and hun-
ger, the WHO partners with governments, other United Nations 
agencies, and international relief organizations to set goals, edu-
cate people worldwide about the problem of hunger, suggest pos-
sible solutions, and feed those in need.

A major educational goal for the WHO is to encourage moth-
ers to breastfeed their infants for the first year of life, to avoid 
early protein deficiency. In addition to discouraging early wean-
ing, the WHO also provides information to families about the 
foods necessary for a weaned child, such as fish, meat, and whole 
grains. It provides family planning programs and explains birth 
control, encouraging families to space births far enough apart 
that each child can be breastfed for the recommended time. It 
teaches basic sanitation, such as hand washing to prevent infec-
tions and discarding moldy foods.

Prevention of infection seems to have a drastic effect on PEM. 
Scientists have long recognized that an infection can trigger PEM 
in vulnerable, undernourished children. An infection that causes 
diarrhea will cause nutrients to pass through the body unab-
sorbed. Diarrhea also leads to dehydration, as ingested fluids are 
lost. Infections also can increase the body’s need for nutrients. In 
2007, researchers O.A. Oyelami and T.A. Ogunlesi compared the 
incidence of kwashiorkor and diarrhea in the town of Ilesa, Nige-
ria over two decades. In 1992, a mission hospital in the area began 
to treat measles (which causes diarrhea) and diarrhea by establish-
ing a diarrhea treatment program. Between 1983 and 1991, no such 
program was available. Starting in 1992, families were strongly 
encouraged to bring their children for treatment of diarrhea, 
and hospital staff members were trained to teach mothers how to 
prevent and treat diarrhea and its accompanying dehydration at 
home. By 2002, there was a 70% reduction in hospitalized cases of 
kwashiorkor. The researchers concluded that this reduction was 
due to the success of the hospital’s diarrhea treatment program. 

HE Disease Prevention 3rd pass.indd   53 5/12/10   9:27:30 AM



NutritioN aNd disease PreveNtioN54

theraPeutic food
In the Nigerian study, however, cases of marasmus were not 
reduced by preventing diarrhea. Nothing really takes the place of 
adequate calories. Where it is not possible for families to provide 
enough food for their malnourished children, the WHO recom-
mends supplementary feeding of specially formulated foods, 
distributed for free. Such foods were developed in the late 1990s 
and are called Ready-to-Use Therapeutic Food (RUTF). The 
most common RUTF is named Plumpy’nut. It is a high-calorie, 
energy-dense supplement for the treatment of malnutrition and 
the prevention of fatal or disabling PEM. Plumpy’nut consists of 
peanut butter, milk powder, sugar, oil, a protein mix, and added 
vitamins and minerals. It is a paste that is easy to digest, does 
not have to be cooked, and can be stored at room temperature 
for two years without spoiling. Each packet of Plumpy’nut con-
tains 500 calories. The number of packets a child is prescribed is 
based on a recommended feeding dose of 200 calories per kilo-
gram of body weight per day. For example, a baby who weighs 
12 pounds (5.5 kg) would be given two and a half packets a day. 
A child weighing 26 pounds (12 kg) would receive five packets a 
day. The Plumpy’nut would be fed in about five meals a day and 
always before any other foods were offered (except breast milk 
for an infant). Most distribution of Plumpy’nut is through out-
patient care when an undernourished, sick child is brought to a 
clinic or relief organization. During supplemental feeding with 
Plumpy’nut, the child is seen every two weeks to check his or her 
progress. Empty packets are returned to the clinic (to be sure the 
child ate them) and more packets are given until the child is a 
normal weight and out of danger. Distributors also have to warn 
parents that they cannot share the Plumpy’nut with other people 
who are hungry. 

Médecins Sans Frontières (MSF), also called Doctors Without 
Borders, is one of the major relief organizations working to treat 
chronic undernutrition and prevent PEM around the world. In 
2005, during a drought in Niger, it provided RUTF for 63,000 
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figure 3.4 Plumpy’nut packets help malnourished children get the 
nutrients they are severely lacking. The packets are filled with an easy-to-
digest paste made of peanut butter, milk powder, sugar, oil, protein mix, 
and added vitamins and minerals.
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children. Niger, according to MSF, suffers regular starvation as 
people run out of their previous year’s crop supply and wait for 
the current year’s harvest. MSF refers to this as the hunger gap 
period, and it can lead to PEM and death for thousands of chil-
dren. Using RUTF, MSF was able to cure even children with poor 
appetites and acute malnutrition and saved 91% of the children in 
the area from PEM. Nevertheless, MSF argues that malnutrition 
is a neglected global crisis. The WHO agrees, stating that 178 mil-
lion children worldwide are malnourished. In 2008, MSF pointed 
out that only 3% of the 20 million acutely malnourished children 
get the food and treatment they need. 

the right NutrieNts to stoP Pem
The United States is the biggest donor of food aid in the world, 
and regularly supplies fortified staple foods, such as flour and 
vegetable oil, to poor countries to prevent malnutrition. Yet, foods 
with a few added micronutrients are not enough. Therapeutic 
foods such as Plumpy’nut are the best foods because they contain 
powdered milk. MSF asserts that all children need animal prod-
ucts (meat, dairy foods, eggs) if their bodies and minds are to be 
to be adequately nourished. Animal foods are more expensive 
than staples fortified with vitamins and minerals.

 In 2006, MSF began a policy of providing at least some animal 
foods to every child it treats for malnutrition. This meant 150,000 
children in 22 countries. MSF did not have enough RUTF to feed 
all the children in need. It estimates that about $5 billion each 
year would be necessary to prevent and treat chronic malnutri-
tion everywhere in the world with RUTF. MSF considers this need 
one of the “Top Ten Humanitarian Crises” of the modern world. 
Said MSF advisor Dr. Susan Shepherd, “Children shouldn’t have 
to deteriorate to the point of severe malnutrition to ‘qualify’ for 
ready-to-use food, which is far more nutritious than the fortified 
blended flours prescribed and supplied by the United States and 
other international donors for moderately malnourished children. 
Yes, ready-to-use food may cost more, but it provides the milk that 
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figure 3.5 A 13-year-old Malawian boy stands back to back with a 
12-year-old English boy in the village of Nyombe, located in the African 
country Malawi. The difference in height illustrates one of the effects of 
the difference in their nutrition.
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fortified flours do not…. We need to focus on the food quality, not 
just the quantity.” Today, it seems that only the financial efforts of 
wealthy countries can prevent the diseases of undernutrition.

reView 
Undernutrition is a kind of malnutrition caused by a deficit 
in calories, protein, or both. It is usually referred to as protein 
energy malnutrition (PEM). There are three main types of PEM: 
marasmus (generally a deficit in calories), kwashiorkor (gener-
ally protein deficiency), and marasmic kwashiorkor (a combina-
tion of the symptoms of both diseases). PEM can affect anyone 
of any age, but it is usually a disease striking young children in 
poor countries without an adequate food supply, perhaps due to 
war, famine, drought, or extreme poverty. It has severe, lifelong 
consequences and carries a high risk of mortality, even with 
proper treatment. Medical knowledge and means are available 
to both treat and prevent PEM, but it still affects an estimated 
50 million children around the world. International food aid 
that concentrates on high-quality nutrition, protein, and easy 
distribution to every child in need is required to end hunger, 
malnutrition, and PEM.  
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oVerNutritioN 

For the fi rst time in human history, more people are overweight 
than are hungry. About 1.6 billion people in the world are over-

weight or obese. Overnutrition is a condition in which the intake 
of calories (or energy) exceeds the use of calories. Th e extra energy 
is stored by the body as fat, and overweight and obesity are the 
result. Nutritionists call overnutrition an energy imbalance and 
consider it a true form of malnutrition. Overnutrition is not just 
about weighing too much; it is a real health danger that can cause 
serious disease and loss of life. In the United States alone, about 
111,000 people die every year because of obesity-related illnesses.

oVerNutritioN disaster
Th e problem of overnutrition is epidemic in many parts of the 
world today, and has proved diffi  cult to treat or prevent. In the 
United States, nearly two of every three people are overweight. 
Th is includes about one-third of children and teens. Th e preva-

4
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lence of overweight in the United States is double what it was 
in 1960. Many other wealthy and rapidly developing countries 
are experiencing similar increases in the rates of overweight 
and obesity. The WHO considers this trend to be a global public 
health emergency. It explains that in some developing countries, 
overnutrition and undernutrition coexist. Also, in some develop-

figure 4.1 Overweight and obesity are forms of malnutrition called 
overnutrition and are serious health dangers. In overnutrition, the body’s 
intake of calories, or energy, exceeds the use of calories, and the body 
stores the extra energy as fat. People with obesity—especially morbid 
obesity—are at a high risk for health problems and diseases such as 
diabetes, heart disease, and stroke.
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ing countries, overnutrition rates are increasing faster than in 
wealthy countries. In a 2009 document titled “Obesity and Over-
weight,” WHO officials wrote, “The health consequences range 
from increased risk of premature death to serious chronic condi-
tions that reduce the overall quality of life. Of especial concern 
is the increasing incidence of child obesity.” Some of the diseases 
that have been linked to chronic overweight and obesity include 
type 2 diabetes, high blood pressure, heart disease, and stroke. 

defiNiNg oVerNutritioN: bmi
Overweight and obesity are defined medically as the accumula-
tion of excess fat in the body. The percentage of excess fat com-
pared to the estimated ideal body weight determines whether a 
person is overweight or obese. This amount is estimated using 
the body mass index (BMI), which is a mathematical formula and 
screening tool that compares height and weight. It is not an exact 
measure of excess fat, but, according to the U.S. Centers for Dis-
ease Control and Prevention (CDC), it is a simple and reliable esti-
mate of “body fatness” for most adults. BMI is defined as weight 
in kilograms divided by height in meters squared (BMI=kg/m²). 
The formula is converted to pounds and inches as weight divided 
by height squared, multiplied by 704.5 (BMI=(lb/in2) x 704.5). 
For example, a person who is 60 inches (1.5 meters) tall and 
weighs 112 pounds (50.8 kilograms) would have a BMI of 22. A 
BMI under 25 is considered a normal weight. If that same person 
weighed 133 pounds (60.3 kg), he or she would have a BMI of 26 
and be considered overweight. Overweight is defined as a BMI 
between 25 and 29.9. If the person weighed 168 pounds (76 kg), 
he or she would have a BMI of 33 and test as obese. A BMI of 30 
or more is considered obese. Many organizations, including the 
CDC, provide online BMI calculators.

BMI is a relatively accurate assessment of body weight in 
adults, but it is inaccurate for children and teens because they are 
still growing. In the case of young people under about age 20, a 
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BMI assessment must take into account age and gender, as well 
as height and weight. Healthy weight in young people can change 
from month to month as they grow, and it definitely changes from 
year to year. As an example, a boy with a BMI of 23 might be 
obese at age 10, but a healthy weight if he is 15. 

BMI for children and teens is calculated as it is for adults, but 
then compared to percentile charts of average height and weight 
at different ages for boys and girls. A young person with a BMI at 
or above the 95th percentile is considered obese. This means his 
or her BMI is higher than 95% of all people of that sex and age. 
Young people with BMIs between the 85th and 95th percentiles 

obese aNd iN daNger 

When a person is 100 pounds (45.3 kg) or more over his or her ideal 
body weight, the condition is referred to as morbid obesity. This is a 
serious disease. Morbid obesity may also be defined as a BMI of 40 or 
greater, or as a BMI between 35 and 40 if accompanied by a serious 
medical problem, such as heart disease, diabetes, or joint pain. A BMI 
between 45 and 50 is severe morbid obesity. A BMI between 50 and 60 
is super-morbid obesity. A BMI greater than 60 is super-super morbid 
obesity. 

People with morbid obesity are at great risk of medical problems 
and disease if they do not lose weight. If they cannot reduce their 
weight by any other means, they are often eligible for bariatric surgery. 
This is weight-loss surgery in which the stomach and intestines are 
permanently modified.

 Gastric bypass is one type of bariatric surgery. First, a small pouch 
is created at the top of the stomach by stapling it off from the rest of 
the stomach. Then the small intestine is cut so that its first section is 
no longer connected to the rest of the digestive system. The second 
section of the small intestine is sewn directly to the stomach pouch. 
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are overweight. Around the world, the WHO estimates that at 
least 22 million children under the age of 5 are overweight. In the 
United States, the number of overweight teens has tripled since 
1980.  Because overweight youth are likely to become overweight 
or obese adults, many nutritional and medical experts are partic-
ularly concerned about the health risks associated with childhood 
and teen overnutrition. These experts believe that early onset of 
obesity puts these young people at grave risk of disability and 
premature death in the future. In addition, many young people 
are developing obesity-related diseases that used to occur only in 
middle-aged or older adults.

The pouch is tiny—about the size of a walnut—and can hold only 
about 1 ounce (28 grams) of food. Calorie absorption also is limited by 
disconnecting, or bypassing, the first part of the small intestine. Many 
people experience drastic weight loss with gastric bypass surgery and 
vastly improve their health, but the risk of malnutrition is high. People 
take dietary supplements for life and learn a special diet that empha-
sizes proteins first.

Another bariatric procedure is called lap-band adjustable gastric 
banding. In this procedure, the doctor partitions the stomach into 
two parts with a flexible band or belt that creates only a tiny opening 
between the two parts of the stomach. This can make people feel full 
after very small meals. It is a simpler procedure than gastric bypass, 
but weight loss is not as extreme. In both cases, people who are not 
completely committed to the weight-loss program can overcome the 
procedures, gradually stretch their new stomachs, and regain weight. 
Neither procedure is a miracle cure for obesity, and people have to 
change their lifestyles permanently to achieve lasting good health and 
prevent disease.  
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metaboLic syNdrome
One of the major risk factors of overweight is the development of 
metabolic syndrome. Medical researchers estimate that at least 
40 million people in the United States alone have metabolic syn-
drome. People with metabolic syndrome have at least three of the 
following disorders:

They are overweight or obese, and fat is located mainly  ●

in the abdominal area.
They have high blood pressure. ●

The level of triglycerides (a form of fat) in their blood is  ●

too high.
Bad cholesterol levels in the blood are high, and good  ●

cholesterol levels are too low.
They have insulin resistance.  ●

All of the disorders of metabolic syndrome are indications that 
the metabolism is overworked and not functioning well. No 
one knows with certainty what causes metabolic syndrome, but 
abdominal fat is strongly correlated with it. Scientists also know 
that a weight reduction can reduce or reverse these disorders. 

Cholesterol and triglycerides are lipids, or fats, metabolized 
from foods and carried throughout the body in the bloodstream. 
Lipids are necessary for many organ functions, but when too 
much circulates in the blood, the vessels can become inflamed 
and clogged. This situation can increase the risk for arterioscle-
rosis—a narrowing and hardening of the blood vessels. If blood 
vessels become inflexible or are blocked by fatty deposits, heart 
disease and stroke can result, as blood flow is cut off to parts of 
the heart or brain. Reducing weight can reduce the lipids in the 
blood and significantly lower the risk of heart disease, stroke, and 
arteriosclerosis. 

Insulin resistance can lead to severe physical damage, too. The 
pancreas makes insulin, the hormone that enables the body’s cells 
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to use glucose. Insulin can be thought of as the key that unlocks 
the cell and allows the glucose inside. Glucose cannot get into 
the cells without it. Under normal circumstances, when more 
glucose circulates in the blood, the pancreas makes more insulin. 
Th is allows glucose to enter cells, and lowers the glucose levels in 
the blood. When someone has insulin resistance, their cells don’t 
respond to insulin as well. When glucose in the blood rises, the 
pancreas still makes insulin, but glucose doesn’t go into cells as 
easily as it used to. Th e glucose levels in the blood remain high. 
As time passes, the overworked pancreas may begin to fail, as the 

figure 4.2 Plaque is made up of fat, cholesterol, calcium, and other 
substances. Plaque build-up can clog the arteries and increase the risk for 
arteriosclerosis, heart disease, and stroke.
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cells that produce insulin begin to die. Type 2 diabetes is often the 
eventual outcome.

oVerweight aNd tyPe 2 diabetes
Type 2 diabetes is a serious disease. People with this disease have 
high levels of glucose in their blood. This is caused by the failure 
of the overworked pancreas to produce enough insulin, cells that 
are highly resistant to insulin, or both. Enough glucose is not 
getting inside cells, so the cells are damaged and malnourished. 
They can even “starve” to death if type 2 diabetes goes untreated. 
High blood glucose levels also are damaging to almost every 
organ in the body. Kidneys, which are overworked as they try to 
clean the excess glucose from the blood, can fail completely. Eyes 
are damaged and vision is lost. Nerve damage occurs, especially 
in the feet and legs. Sores and cuts are slow to heal. As people 
with diabetes lose feeling in their feet, they may be unaware of 
foot sores. Feet can become so damaged that they have to be 
amputated to save the person’s life. People with type 2 diabetes 
also die of heart disease up to four times more often than people 
without diabetes.

Fortunately, type 2 diabetes is treatable. People with the 
disease strive to lose weight, eat carefully controlled diets, 
and usually take one or more medications to increase their 
insulin levels or decrease their insulin resistance. However, 
the struggle to control diabetes and avoid its complications is 
lifelong and not always successful. Most scientists believe that 
prevention is preferable to treatment, especially because type 2 
diabetes has become a global epidemic and is affecting people 
at younger ages. Many experts believe that the obesity epidemic 
is the primary reason for the diabetes epidemic. However, most 
overweight people do not have diabetes, and not all people with 
diabetes are overweight. Finally, overweight and metabolic syn-
drome are difficult conditions to treat. 
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Medical science is not sure whether obesity leads to meta-
bolic syndrome and diabetes, or whether metabolic syndrome 
and insulin resistance cause the propensity to be overweight. 
Scientists do know, however, that overweight and certain dis-
eases occur together and that weight loss can reduce disease risk. 
If overweight people could achieve a healthy weight, millions 
of cases of diabetes, strokes, and heart disease likely would be 
prevented. Why is it so difficult to lose weight? Why do people 
become overweight in the first place? Today, researchers believe 
that the answers lie both in our lifestyles and in our genes.

geNes aNd dNa
Genes are the packages of deoxyribonucleic acid (DNA) in the 
nuclei of almost every cell in the body. DNA carries the instruc-
tions for the development and functioning of every living thing. 
In humans, DNA is arranged in 23 pairs of chromosomes (one 
of each pair is inherited from each parent). Every chromosome 
is made up of genes. Genes are specific units of inheritance that 
code for a specific protein, so they determine how each cell oper-
ates. It is helpful to think of the chromosomes as recipes and the 
genes as the specific ingredients. DNA spells out the instructions 
for the ingredients. It writes the set of rules that tells each cell 
when and how to build its protein and do the work of the body. 

Most DNA and genes are the same for everyone. Human genes 
make people into people, instead of plants or chimpanzees or 
mosquitoes. But some genetic instructions are different among 
people. This is why people look different from one another, have 
different talents and abilities, and are vulnerable to certain dis-
eases. Changes in DNA and genes also occur when DNA is rep-
licated. DNA is replicated, or copied, as a living thing develops 
from a single cell. It’s also copied every day when cells divide to 
replace dying cells. These changes in DNA are like typographical 
errors. Some have no effect at all. Some can lead to disease. Some 
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may cause slight diff erences in the way cells function. Th is is how 
evolution works. If the changes in DNA somehow increase the 
chances of that living thing surviving, the changes are more likely 
to get passed on to the next generation.
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thrifty geNes
Genetic differences in metabolism are one reason why some peo-
ple gain weight easily and others stay thin. An efficient metabo-
lism—making use of a large percentage of calories—would have 
helped our ancestors survive thousands, or even millions, of 
years ago. 

Until quite recently in human history, people could not depend 
on a stable food supply. Historians believe that hunter-gatherers 
suffered regular, cyclical periods of feast or famine. People whose 
bodies easily stored extra nutrients as fat during the good times 
had the greatest chance of survival during the lean times. Bod-
ies that hung on to extra calories the best were those with a very 
efficient metabolism that used glucose sparingly and stored the 
excess. Cells became insulin resistant so as to use as little glucose 
as possible. People with thrifty genes gained weight very easily, 
and, during the times of famine, their bodies resisted losing the 
excess fat. They metabolized it as slowly as possible, and were able 
to live off the stored nutrients until the famine was over. These 
people were evolutionary success stories. Instead of dying of 
starvation during times of famine, they survived and passed the 
thrifty genes on to their children. 

This theory of the “thrifty gene” was proposed by James V. 
Neel in 1962 to explain the genetic determinants of obesity and 
insulin resistance. Today, scientists suspect that multiple genes 
are involved, and they have not yet identified them with certainty. 
Still, thrifty genes may account for at least part of the obesity epi-
demic of today.

We no longer live an arduous, feast-or-famine, hunter-gatherer 
lifestyle. We are inactive and consume a high-fat, high-sugar diet 

(opposite page) figure 4.3 The long, stringy stand of DNA that makes 
up genes is spooled within chromosomes inside the nucleus of a cell. An 
actual gene would be a longer strand of DNA than is shown here. 

HE Disease Prevention 3rd pass.indd   69 5/12/10   9:27:42 AM



NutritioN aNd disease PreveNtioN70

that was completely unknown to our ancestors. Unfortunately, 
our genes do not “know” that things have changed. As a result, 
millions of people become overweight in preparation for the 
famine that never comes. Instead, they face diabetes, obesity, and 
chronic heart disease. 

LifestyLes: the other haLf of  
the ProbLem 
Even if genes do play a major role in the development of over-
weight, no one is doomed by heredity to be obese or suffer the 
effects of overnutrition. Genes may make people vulnerable to 
overweight, but a person’s lifestyle also has an effect. Nutrition-
ists have identified several environmental factors that are prob-
ably responsible for the obesity epidemic of recent decades. In an 
article in the 2008 book Nutrition in the Prevention and Treatment 
of Disease, Nancy E. Sherwood and her research team identify the 
most important environmental determinants and risk factors in 
the development of obesity.

The researchers say that sedentary behavior and lack of physical 
activity seem to play a large role in overnutrition. Most sedentary 
behavior today is due to heavy amounts of screen time in adults 
and young people. “Screen time” refers to television, video games, 
computer use, and videos. Some studies suggest that screen time 
is taking the place of physical activity in the developed world. 
One report discovered that televisions, for example, are turned on 
more than seven hours a day in the average American household. 
In addition, many young people have few safe places to play or 
exercise. They have to be driven to organized activities. Parents 
may not have the time or money to invest in physically active hob-
bies for themselves or their children. The research team suggests 
that this problem, too, may lead to decreased activity. Sedentary 
pursuits ultimately mean less energy expenditure, more unused 
calories from foods, and increased weight gain.
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aLtered eatiNg habits
The quantity and types of foods consumed, however, may be 
the most important determinants of the obesity epidemic. Over 
the last few decades, eating patterns have changed in wealthy 
countries. Both the quantity of foods consumed and the energy 
density of the foods consumed have increased over the past 30 
years. For example, in 1970, the average energy intake for adult 
men was 2,450 calories per day. By the year 2000, calorie intake 
had increased to 2,618. At the same time, consumption of energy-
dense foods also increased. Energy density is the number of calo-
ries in a gram of food. (One gram equals about 0.035 ounces. A 
teaspoon of sugar weighs about 4.2 grams.) Fats, with 9 calories 
per gram, are much more energy dense than either carbohydrates 
or protein, at 4 calories per gram. High-fat diets are common 
in wealthy countries, often because of eating restaurant foods, 
prepackaged take-out meals, or fast foods. Fast-food meals, for 
example, are often 40% fat and very high in calories.

Snacks and sweets also contribute to high fat intake. Candy 
and potato chips, for instance, often have a high fat content. We 
have inherited tastes for sweet and fatty foods from our ances-
tors. The preference for sweet tastes, as opposed to bitter or sour 
ones, probably evolved as a defense against eating toxic plants or 
contaminated and spoiled foods, which often have a decidedly 
un-sweet taste. Humans came to crave sweet foods, and because 
they rarely found enough food to overeat, they were not harmed 
by their cravings. In a similar way, our bodies came to crave fatty 
foods because they were both rare and energy dense. Early humans 
needed to store as much energy as possible, and fats provided the 
most efficient energy storage. Sugars are quickly metabolized into 
glucose and energy. Fats and carbohydrates could mean the dif-
ference between survival and starvation. Now, even though fatty, 
sweet foods are plentiful, many people continue to prefer fat and 
sweet foods over many others.
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Portion sizes have changed dramatically over the last few 
decades, and most people have accepted and learned to eat large 
portions of foods. In 1957, for instance, an average serving of soda 
was 8 ounces (0.2 liters). Today, it can be 64 ounces (1.9 L). A box 
of popcorn at the movies in 1957 held about 3 cups. Today, the 
average medium serving is 16 cups. An average muffin in 1957 
weighed 1.5 ounces (42 g). Today it is 8 ounces (227 g). The same 
differences in portion sizes are found in meals and snack foods. 
A fast-food hamburger in the 1950s contained only about 1 ounce 
(28 g) of meat; a large hamburger served in a typical restaurant 
today may contain 6 ounces (170 g) of meat, and some super-
sized hamburgers weigh more. One study found that, since 1977, 
everyone—both children and adults—increased portion sizes of 
all types of foods, whether eating out or at home.

Sherwood and her colleagues believe that several factors have 
contributed to the increases in portion sizes and intake of fatty, 
sweet foods. They cite television advertising for candy, snacks, 
sugary cereals, pizza, and fast foods. For children, they point to 
family eating practices, parental role modeling, and the decrease 
in the number of meals that families eat together. For both chil-
dren and teens, the researchers advocate combating these trends 
with school-based educational programs about healthy nutrition 
and programs and opportunities for physical activity. 

addicted braiNs
Dr. David Kessler, former commissioner of the U.S. Food and 
Drug Administration, agrees that advertising, the constant avail-
ability of foods, and cultural teaching contribute to overnutrition 
and the obesity epidemic. Still, he sees overnutrition as an addic-
tion caused by modern exposure to foods rich in fats, salts, and 
sugars. In his 2009 book, The End of Overeating: Taking Control 
of the Insatiable American Appetite, he says that almost from 
infancy, people in wealthy countries are exposed to these foods. 
As a consequence, he explains, the pleasure centers of our brains 
are triggered and wired to crave more and more of them. Eventu-
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ally, we are conditioned to need these foods in order to activate 
our pleasure centers—just as if these foods were addictive drugs or 
alcohol. He adds that foods that combine both sugar and fat, such 
as a milkshake or a candy bar, are the most addicting because of 
the powerful effects they have on the brain.

In a 2009 interview with Katharine Mieszkowski for the 
online magazine Salon.com, Kessler asserts that children are 
trained by age five to crave sweet and fatty foods. He says that we 
do not eat for nutrition. Instead, Kessler says, “We’re eating for 

oVerNourished aNd maLNourished

During his lifetime, Michael Hebranko has been one of the heaviest 
people in the world. He admits that he is addicted to food. He has 
battled super morbid obesity for much of his life. When he was 15 
years old, he already weighed 300 pounds (136 kg). He lost weight 
many times, only to regain it. In 1999, at age 34, he weighed 1,100 lbs 
(499 kg). After losing 700 pounds (317.5 kg), however, he went back 
to old habits. In 2007, he weighed about 600 pounds (272 kg) and 
entered a weight loss clinic. At that time, Hebranko was unable to walk 
and confined to his bed. He was also suffering severe bone pain that he 
feared was bone cancer. When doctors finally figured out a way to do 
a bone scan for Hebranko, they discovered that his problem was a vita-
min deficiency disease. Hebranko had rickets or, as it is called in adults, 
osteomalacia. Because he stayed indoors all the time, he was never 
exposed to sunshine. Plus, his diet was unhealthy and did not include 
vitamin-enriched foods. Also, obese people do not absorb some vita-
mins as well as they would if they were a healthy weight. Hebranko was 
given high doses of vitamin D supplements, and in a few weeks was 
cured of the deficiency disease brought on by his extreme obesity. He 
began to walk again without pain. By 2009, at age 55, Hebranko was 
doing well with his weight loss and health and had dropped to about 
350 lbs (159 kg).
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figure 4.4 Portion sizes have increased over the past few 
decades, and people are eating larger portions than what is 
considered a serving. For instance, a portion of pasta the size 
of a tennis ball is considered one serving.
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stimulation.” Brain addiction is why weight-loss diets fail, and 
people quickly regain the pounds they have lost. It is why people 
do not experience feeling full and cannot resist their favorite 
foods.  Their brains are constantly rewarded for overeating. They 
are continually anticipating the pleasure of food because they 
are surrounded by cues that tell them to eat. Eventually, just the 
sight of a favorite food is enough to trigger the demand to eat it, 
even when we are not hungry. Kessler says our brains have been 
hijacked. He believes the answer to this dilemma is “food rehab,” 
and teaching oneself new food rules so as to rewire the brain. Old 
learning cannot be erased altogether, but new learning can help 
people get over the addiction.

 Kessler was once overweight, and he knows how difficult 
retraining the brain can be. He also recognizes that no one knows 
the best approach, but he thinks understanding the addiction is 
the first step. Then, he says, people can give their brains new mes-
sages about food. He suggests, for instance, “If you look at a huge 
plate of fries and say ‘That’s my friend, that’s going to make me 
feel better, I want that,’ that’s only going to increase the level of 
anticipation. You look at that huge plate of fries and say, ‘That’s 
not my friend, that’s going to make me feel pretty crummy in 20 
minutes. I don’t want that,’ and you internalize that, then you can 
decrease the anticipation.” 

NutritioNaL educatioN
Psychologist and obesity researcher Eric Stice of the Oregon 
Research Institute believes that prevention of obesity depends 
on giving young people nutritional messages and education that 
permanently affect their lifestyles. Stice is particularly interested 
in preventing obesity and other eating disorders in teens. In 2005, 
Stice and his research team enrolled a group of college-aged 
women in a four-week healthy eating class. They learned how 
to reduce fats and sugars in their diets and the importance of 
increasing physical activity. They kept food and exercise diaries. 
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In class sessions, they discussed maintaining a healthy energy 
balance. Three years later, Stice contacted and evaluated the 
young women. He discovered a 55% decrease in the number of 
cases of overweight as compared to young women who were not 
enrolled in the classes. For the first time, science had evidence 
that intervention programs can help young people maintain a 
healthy weight. 

As a result of his studies, Stice developed a program called 
Healthy Weight, which is an educational, healthy lifestyle inter-
vention for teens. Stice’s institute trains teachers and counselors 
to offer the program in high schools and colleges around the 
country. The sessions emphasize moderation and healthy eating, 
not weight-loss diets. Stice and many other researchers believe 
such diets are of little value and can actually trigger overeating 
and eventual obesity. Participants in Healthy Weight sessions are 
taught nutrition facts and encouraged to make simple changes in 
their lives. They are asked to gradually reduce the least healthy 
foods they eat (one at a time) and gradually increase healthy 
foods—the ones their ancestors ate, such as lean proteins, whole 
grains, fruits, and vegetables. The teens also gradually add exer-
cise to their daily routine. These lifestyle changes are meant to be 
permanent, so slow and easy is the best approach. Stice says that 
no one is ever pushed to conform to a specific program. No calorie 
counting or exercise rules are taught. Instead, participants make 
their own decisions about how to improve their lifestyles, and, 
according to Stice, follow-up studies indicate that this approach 
works quite well in developing healthy attitudes and preventing 
obesity.

Despite his success with lifestyle interventions, Stice is well 
aware that the determinants of obesity involve genes and brain 
wiring, as well as habits and attitudes. In brain-imaging studies 
comparing the brains of obese people to lean people, Stice has 
identified differences in reactivity in certain parts of the brain. 
In the studies, he found that the parts of the brain responsible for 
taste and bodily sensation are more active in obese people fed rich 
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milkshakes than in lean people fed the same milkshakes. At the 
same time, the brain region that controls feeling rewarded by food 
is less active in obese people than it is in lean people. These results 
may explain why some people crave certain foods more than oth-
ers do and why they need more of that food to feel satisfied.

No easy aNswers
Currently, Stice and his team are searching for the genetic varia-
tions that could account for these brain differences. They do not 
know whether the brain differences are genetic or created by the 
long-term intake of high-fat, high-sugar foods, or whether both 
play a role. Stice and other scientists hope to identify the causes 
of these variations and to find ways to predict who is vulnerable 
to obesity long before it occurs. If this were possible, either medi-
cal or lifestyle interventions might prevent obesity altogether. For 
now, however, the search for effective obesity prevention programs 
continues, and obesity continues to be a devastating, intractable 
problem for millions of people. Researchers may not completely 
understand all the causes of obesity or how best to prevent it, 
but they do know that high-fat, high-sugar diets are unhealthy, 
not only because of the diseases associated with obesity, but also 
because the nutritional value of such diets is far from ideal. 

reView 
Overnutrition is a form of malnutrition in which the intake of 
calories exceeds the amount of calories expended. As a result of 
this energy imbalance, excess calories are stored as fat, and the 
individual becomes overweight or obese. Overweight is mea-
sured by Body Mass Index (BMI). In adults, a BMI under 25 is 
defined as a healthy weight. A BMI between 25 and 29 is defined 
as overweight. A BMI equal to or more than 30 defines obesity. 
Overweight and obesity are associated with the development of 
chronic diseases such as metabolic syndrome, type 2 diabetes, 
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heart disease, and stroke. Around the world, the incidence of obe-
sity has increased dramatically during the last few decades and is 
having disastrous public health consequences. Researchers blame 
both genetics and lifestyles for the obesity epidemic. Unlike their 
ancestors, modern people are eating high-fat, high-sugar diets 
with increased portion sizes. At the same time, they are becom-
ing increasingly sedentary. Thousands of years of evolution have 
resulted in efficient human metabolisms that store and maintain 
excess fat in preparation for famine. Brains become addicted to 
high-fat, high-sugar foods, and this makes it difficult to choose 
healthy foods. Researchers suggest that nutritional education to 
help young people make healthier lifestyle choices and re-training 
the brain to reject unhealthy foods are the best options available 
to combat the obesity epidemic.
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microNutrieNt 
iNsufficieNcy

T he diets of people in wealthy countries may include too many 
calories and the wrong balance of macronutrients, but these 

same diets are oft en insuffi  cient in micronutrients. Th is does not 
mean that people get micronutrient defi ciency diseases such as goi-
ter or rickets, but it does mean that their diets are defi cient enough 
to prevent optimum health. Nutritionists and medical doctors 
refer to this condition as suboptimal or insuffi  cient micronutrient 
intake. No one is completely sure how much of each micronutri-
ent is ideal. But many experts believe that millions of people are 
overfed but undernourished. Th e more researchers learn about 
nutrition, the more they suspect that micronutrients in the correct 
quantities are essential protection against many diseases. 

recommeNded dietary aLLowaNces 
Th e Food and Nutrition Board of the U.S. National Academy 
of Sciences periodically provides updated recommendations for 

5
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nutrient intakes for people in the United States and Canada. These 
recommendations are called Dietary Reference Intakes (DRI). 
They are standards for energy (calories), 14 vitamins, 15 minerals, 
and 7 macronutrients. Current recommendations do not focus 
only on the micronutrient intakes necessary to prevent deficiency 
diseases. They also focus on nutritional requirements to reduce 
the risk of chronic disease, and the amount of each nutrient 
necessary for optimal health. The task is complex because nutri-
tional requirements vary from person to person. They depend on 
activity level, age, habits, and health status, as well as genetics 
and the environment in which a person lives. Therefore, recom-
mendations are usually made so they will benefit the majority of 
the population.

Based on previous scientific studies, the Food and Nutrition 
Board attempts to establish an “estimated average requirement” 
(EAR). This is the intake that would be enough to maintain good 
health and reduce disease risk for about half the population. A 
recommended dietary allowance (RDA) is established based upon 
the EAR. An RDA is mathematically figured by adding two stan-
dard deviations to the EAR so that the recommended amount of 
the nutrient would be adequate for about 97.5% of the population. 
In instances where there is not enough scientific data to set RDAs, 
the Food and Nutrition Board sets a best estimate for the nutrient, 
called “adequate intake” (AI). 

For the vast majority of people, according to the Food and 
Nutrition Board, following the RDAs for each nutrient should 
support optimum health. However, because men and women 
have different nutritional needs, RDAs are established separately 
by gender. Children and teens need different standards, too, 
because they are growing. The ideal micronutrient intake for any 
individual is almost never known, but the RDA standards are the 
best guidelines available. They offer the best chance of lowering 
disease risk and avoiding micronutrient insufficiency.

In the United States, the vast majority of normal people eas-
ily meet the standards for calories and most macronutrients, 
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tabLe 5.1 adequacy of seLected 
microNutrieNts iN the diets of u.s. 
aduLts (ages 19 to 50) as comPared 
with rdas or ais

micronutrient gender recommended 
daily intake 
(rda or ai)

Percent that 
does not meet 
this intake

Vitamin A Men 900 mcg (micrograms)  57%

Women 700 mcg  48%

Vitamin C Men 90 mg (milligrams)  36%

Women 75 mg  32%

Vitamin E Men 15 mg  89%

Women 15 mg  97%

Vitamin B6 Men 1.3 mg–1.7 mg  7%

Women 1.3 mg–1.5 mg  28%

Folate (folic acid) Men 400 mcg  6%

Women 400 mcg  16%

Vitamin B12 Men 2.4 mcg  <3%

Women 2.4 mcg  7%–9%

Iron Men 8 mg  < 3%

Women 8 mg–18 mg  10%

Zinc Men 11 mg  11%

Women 8 mg  17%

Magnesium Men 400 mg–420 mg  64%

Women 310 mg–320 mg  67%

*Based on the U.S. Centers for Disease Control and Prevention’s National Health and Nutri-
tion Examination Survey, 2001-2002.
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but many diets are inadequate in micronutrients, especially if 
foods alone are considered, without the addition of vitamin and 
mineral supplements. Some micronutrients, such as B12, B6, and 
iron are maintained at healthy levels by most adults, but other 
nutrients, such as vitamin E, vitamin A, and magnesium are not. 
The National Health and Nutrition Examination Survey, done 
by the U.S. Centers for Disease Control and Prevention, reports 
that many Americans eat diets that don’t contain enough of one 
or more nutrients. In general, the report says, young children eat 
more nutritious diets than teens or adults, although children are 
often deficient in vitamin E. Magnesium intake is especially low 
among female teens—98% of them do not get enough magnesium. 
Teen girls are also reported to have an inadequate intake of zinc. 
Calcium and folate (a B vitamin) are inadequate in both teens and 
adults, according to RDA standards. For all people, those living 
in poverty eat less nutritious diets than those with high standards 
of living. Those who are overweight also are more likely to eat less 
nutritious diets than people of healthy weight.

Some nutritional studies suggest that as many as 75% of people 
in the United States do not meet RDA requirements for one or 
more micronutrients. Yet, many nutritional researchers argue 
that RDAs are set too low for optimum health. It’s not clear how 
suboptimal levels of micronutrients harm the body, because many 
micronutrients have multiple functions. As research continues, 
more health risks are linked with nutritional inadequacy and an 
imbalance of vitamins and minerals.

VitamiN c aNd the immuNe system
A person who does not get enough vitamin C may not develop a 
deficiency disease, but his or her immune system does not func-
tion as well as it could. Vitamin C apparently helps to maintain 
good levels of antibodies to fight off infections. At least three kinds 
of antibodies appear to be strengthened by adequate vitamin C. 
They are IgA, IgM, and IgG. IgA is the immunoglobulin found 
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in mucous membranes. IgM is the immunoglobulin that acti-
vates other parts of the immune system when a foreign invader is 
detected. IgG is the immunoglobulin circulating in the blood that 
fights viruses. It also is passed through the blood to a developing 
fetus and gives the baby some antibody protection from birth.

In one study, in South Africa, a group of people were given 
vitamin C supplements daily for about three months. When their 
blood was tested at the end of the experiment, researchers discov-
ered 20% higher IgM levels compared with a second group that 
received no extra vitamin C. IgG levels rose slightly in the people 
receiving vitamin C, too. IgA levels stayed the same in the group 
that took supplements, but in the other group, IgA levels dropped 
15%. The researchers noted that IgA levels normally drop in the 

figure 5.1 Vitamin C appears to help maintain good levels of 
antibodies within the blood to fight off infections. 

HE Disease Prevention 3rd pass.indd   83 5/12/10   9:27:50 AM



NutritioN aNd disease PreveNtioN84

winter (when this study was conducted). No one knows why this 
should occur, but the study showed that the drop could be pre-
vented with added vitamin C.

other microNutrieNt esseNtiaLs 
Vitamin C is not the only micronutrient that benefits the immune 
system. Several vitamins and minerals seem to be essential for 
optimal immune system functioning. Vitamin A is particularly 
important because it helps make the white blood cells called lym-
phocytes. There are several types of white blood cells involved in 
fighting infections. Lymphocytes circulate in the lymph nodes, 
thymus gland, and spleen. They identify foreign invaders and 
then produce antibodies. Vitamin B6 plays a critical role in the 
functioning of the spleen, thymus gland, and lymph nodes. With-
out enough vitamin B6, the number of lymphocytes and antibod-
ies in these organs is reduced. 

Vitamin D increases the immune system’s production of 
peptides, which are chains of amino acids that are smaller than 
protein amino acid chains and that can destroy viruses. Vitamin 
D also helps to prevent inflammation and helps stop the immune 
system from destroying the body’s own cells. The immune system 
normally recognizes foreign proteins while leaving the body’s 
own proteins alone. When this system fails, the body may attack 
itself, causing autoimmune diseases. Vitamin D helps the recog-
nition system to function correctly. 

Minerals are involved in immune system functioning, too. 
Zinc is especially important. It plays a role in the production and 
activation of T cells, which are lymphocytes. It also helps build 
the other major white blood cells, called neutrophils. They are 
produced in the bone marrow, in the centers of bones. Neutro-
phils circulate in the bloodstream. They react to any bacterial 
infection, move to the infected tissue, and fight the infection. 
Neutrophils multiply dramatically when a bacterial infection is 
detected. The greater the infection, the more of these white blood 
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cells are produced. Zinc helps neutrophils multiply. Like all blood 
cells, each neutrophil has a short life, so the bone marrow must 
continually replace dying cells with new ones. Zinc is necessary 
for this function. 

Cells must continually be replaced in the skin, as well. So zinc 
is related to skin health, too. Zinc not only boosts the immune 
system’s ability to prevent acne, rashes, boils, and other skin dis-
eases, but also helps to transport vitamin A to the skin. Without 
adequate zinc, cells cannot metabolize vitamin A efficiently. Vita-
min A is required by many organ systems in the body, and it is 
also effective in preventing or healing acne.

the aNtioxidaNts
Vitamins A, C, and E, as well as the trace mineral selenium, are 
important antioxidants that protect cell health and may play 
critical roles in cancer prevention. Antioxidant vitamins and 
minerals are micronutrients that can prevent and often heal cell 
damage. When cells metabolize nutrients and build their pro-
teins, chemical processes take place that can lead to the release of 
free radicals. Free radicals are unstable atoms that tend to form 
when oxygen interacts with cell molecules. This interaction is 
called oxidation. The free radicals released during oxidation and 
normal cell functioning then react with other atoms in other cells. 
These interactions can create a domino effect, causing reactions in 
large numbers of cells. 

DNA in the cells can be damaged because of free radicals. 
Cell membranes (which are the outer “skin” of cells and keep 
them intact) can be damaged or destroyed. Cells may function 
poorly or die from the damage that free radicals can do. Scientists 
believe that free radicals are ultimately responsible for the aging 
process, for causing some tissue damage, and for many diseases, 
such as cancers. As a real-life example of oxidation, the American 
Dietetic Association suggests thinking about what happens when 
you slice an apple in half. As the white flesh is exposed to the oxy-
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gen in the air, it begins to turn brown. Th at is oxidation. However, 
plunge the apple into orange juice and the oxidation stops. Th e 
vitamin C in the orange juice is the antioxidant that counteracts 
the browning process.

Antioxidants protect cells in the body in a similar way. Th ey 
are the body’s defense system that stops the free radical chain reac-
tion and saves cells from damage or death. Antioxidant enzymes 
seek out or “scavenge” free radicals, but these enzymes cannot 
function without antioxidant vitamins and minerals. Our bodies 
need to maintain a balance between oxidants and antioxidants. 
Normal cell functioning leads to the release of free radicals, but so 

figure 5.2 Antioxidants can prevent and often heal cell damage. They 
stop the free radical chain reaction and save cells from damage or death.
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do environmental stresses such as cigarette smoking, pollutants, 
x-rays, and radiation from the sun. This is why a regular intake 
of antioxidant micronutrients is necessary for the maintenance of 
cell health. Without enough antioxidants, the body comes under 
oxidative stress. 

Free radicals damage all the substances in a cell, including 
proteins, lipids, and carbohydrates. Destroyed proteins may lead 
to cataracts in the eyes. Free radicals’ effects on essential lipids 
may lead to heart disease. Free radical damage accumulating 
in cells over time may be why people progressively develop the 
symptoms and diseases of old age. When DNA is damaged by 
free radicals, the genetic instructions can be changed. If DNA 
damage in a cell is too great to be repaired, one of three things 
happens to the cell: It can go into a kind of sleep state called 
senescence (old age); it may “commit suicide,” which is known as 
apoptosis or programmed cell death; or it may start dividing or 
replicating in an uncontrolled way. Uncontrolled cell growth can 
lead to cancer.

caN aNtioxidaNts heaL caNcer? 
Exactly how cancer develops is not yet completely known, but a 
lack of antioxidants probably plays a role. Several studies have 
shown that people who eat diets high in fruits and vegetables (in 
which most antioxidants are found) are less likely to be diagnosed 
with cancer and heart disease. When scientists try to test this 
association with high doses of particular antioxidants, however, 
there are mixed results. Some experiments have shown that extra 
doses of vitamins A and E have reduced cases of colon cancer and 
gastrointestinal cancers in groups of people. One study of sele-
nium—the Nutritional Prevention of Cancer Trial—concluded 
that overall cancers were reduced by 37% in people who received 
this mineral supplement long term.

However, several studies have found that extra vitamin and 
mineral supplements do not protect people from cancer. Several 
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studies have even found increased lung cancer rates in smokers 
who took high doses of vitamin A. Writing in Nutrition in the 
Prevention and Treatment of Disease, Harold E. Seifried and John 
A. Milner suggest that this may reflect a difference in nutritional 
status. They say that people who already have enough antioxi-
dant nutrients from foods might not be helped by supplements. 
Yet, people who do not have enough antioxidants are protected 
by supplements. Scientists believe that vitamin A is metabolized 
differently in smokers than in nonsmokers. In addition, oxidants 
and antioxidants have to be in balance for metabolism to function 
correctly. Sometimes, for instance, preventing cell death is not 
desirable. Antioxidants in smokers may actually protect cancer 
cells, allowing them to multiply, instead of allowing the immune 
system to attack and kill them.

aNtioxidaNt toP 20 

In 2004, scientists with the United States Department of Agriculture 
measured the antioxidant levels of more than 100 foods. The top 20 
foods for prevention of free radical damage, in descending order of 
antioxidant levels, are:

 20. Pecans
 19. Mexican red beans
 18. Red kidney beans
 17. Walnuts
 16. Pinto beans
 15. Hazelnuts
 14. Cranberries
 13. Artichoke hearts
 12. Wild blueberries
 11. Prunes

 10. Black beans
 9. Pistachio nuts
 8. Black plums
 7. Blackberries
 6. Raspberries
 5. Almonds
 4. Black-eyed peas
 3. Red Delicious apples
 2. Granny Smith apples
 1. Dates
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Another problem with studies of antioxidants is that research-
ers still do not know how micronutrients interact with each other 
and within the body. Many micronutrients from supplements 
are not absorbed as well as the same micronutrients ingested 
naturally from foods, yet at other times, the reverse is true. Also, 
scientists do not know how to measure oxidative stress. They are 
not sure how medicines interact with micronutrients. And they 
are not certain how much of each micronutrient is ideal for the 
prevention or treatment of diseases, such as cancer.

Laboratory tests in petri dishes show that antioxidants keep 
tumor cells from growing. Many studies have shown that people 
who eat foods rich in antioxidants are healthier than people who 
do not. But people who eat a balanced diet that includes lots of 
fruits and vegetables are ingesting many more micronutrients 
than antioxidants. They are probably getting other substances that 
have not yet been identified as essential to health. That is why the 
American Heart Association does not recommend antioxidant 
supplements. Instead, the Association says that people should get 
their micronutrients from eating a wide variety of antioxidant-
rich fruits, vegetables, whole grains, and nuts.

food choices aNd iNsufficieNcies
Whether for antioxidants or other micronutrients, the goal for 
everyone should be a varied diet that avoids nutritional insuffi-
ciencies and protects health. In wealthy countries, too many peo-
ple fail at this goal. They choose foods with little or no nutritional 
value and lots of calories. Examples of these foods are soda, candy, 
snack foods, and processed foods. Processed foods—such as white 
flour, white rice, convenience foods, sugary cereals, and high-fat 
foods—are changed from their natural state to make them tastier 
or more appealing, or to preserve them. Not all processed foods 
are bad, but when nutrients are stripped away, the foods are no 
longer healthy in all the ways that our bodies need. Most pro-
cessed foods have been enriched or fortified, so that some, but not 
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all of the missing nutrients are replaced. Yet, enrichment of foods 
cannot prevent all the micronutrient insufficiencies in modern 
diets, because people continue to make food choices that omit 
fruits and vegetables, substitute soda for milk, or replace fish and 
lean meat with cheeseburgers and bologna. 

the miracLe of foLic acid 
Even a well-understood micronutrient can have a surprising, 
unsuspected role to play in the prevention of disease. In 1991, 
for example, Dr. Nicholas Wald conducted an experiment with 
pregnant English women who already had one child with a neu-
ral tube defect. Neural tube defects are birth defects in which 
early fetal development of the brain and spinal cord goes awry. 
The most common neural tube defects are spina bifida and 
anencephaly. In spina bifida, the child is born with an opening 
somewhere along the spinal cord. The birth defect can cause 
multiple problems, including paralysis, hydrocephalus (increased 
fluid pressure in the brain), and incontinence (inability to control 
bowel and urinary functions). Children with anencephaly are 
missing most of their brains. These terrible birth defects affect 
approximately 500,000 children each year, and sometimes run 
in families. 

 Dr. Wald wanted to know whether supplementing a pregnant 
woman’s diet with folic acid—a B vitamin, also known as folate—
could help reduce the incidence of neural tube defects. His experi-
ment was based on reports from medical doctors that pregnant 
patients with a kind of anemia caused by a folic acid deficiency 
would sometimes give birth to children with anencephaly or 
spina bifida. Half of the mothers in Wald’s experiment were given 
4 micrograms (mcg) of folic acid daily. (A microgram is one one-
thousandth of a milligram or one one-millionth of a gram.) The 
other half were not. Wald had planned a long-term experiment, 
but the results were so dramatic that he stopped the study pre-
maturely. In the mothers receiving folic acid supplements, he had 
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reduced the incidence of spina bifida and anencephaly by 72%. 
Startlingly, the answer to a serious and mysterious birth defect 
that had occupied the attention of researchers for years was a 
simple vitamin supplement. 

Today, the incidence of spina bifida in the United Kingdom is 
95% lower than it was in 1991, and, in 2008, Dr. Wald was knighted 
by the Queen for his work with folic acid and neural tube defects. 
Newly pregnant women are routinely given folic acid supplements 
by their physicians. Around the world, medical doctors hailed 
Wald’s discovery. In the United States, Dr. Godfrey Oakley called 
the news of Wald’s experiment the most wonderful and important 
in his career. Oakley was the director of the division on birth 
defects for the U.S. Centers for Disease Control and Prevention. He 
began a campaign to have folic acid added to flour, rice, and pasta 

foLic acid: a weddiNg story

Dr. Godfrey Oakley is on a mission, and his dream is a world without 
birth defects. He is determined to spread the word about using folic 
acid to prevent spina bifida and anencephaly. Whenever he and his 
wife are invited to a wedding, their gift is a year’s supply of folic acid 
supplements for the bride. Sometimes, when he is invited to a wedding 
reception, he shows up with a briefcase stuffed with folic acid supple-
ments for all the women there. When he was interviewed on PBS’s 
News Hour, he brought extra folic acid supplements to give to the 
program’s staff. Dr. Oakley always explains why he is giving his rather 
unusual presents. He explains that neural tube defects begin early in 
fetal development, before most women know they are pregnant. Taking 
supplements after a pregnancy is confirmed may be too late to prevent 
birth defects. Therefore, folic acid supplements should be taken by all 
women of childbearing age—just in case. He invites people to gift every 
bride with folic acid. 
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in the United States. That campaign succeeded in 1998. Oakley 
continues to urge folic acid fortification of staple foods in countries 
around the world. He believes that spina bifida continues to occur 
in wealthy countries only because not enough folic acid is added to 
staple foods. He wants the current amount increased, and he says 
that it should be added to cornmeal as well.  

the Life you saVe couLd be  
your owN
Folic acid was identified as an essential vitamin decades before 
Wald’s discovery. Scientists knew it was important for the func-
tioning of DNA. But no one knew that inadequate folic acid was 
the cause of a severe and common birth defect. Wald’s break-
through leads us to wonder what other diseases might be pre-
vented with optimal nutrition. It is strong evidence that everyone 
should care about eating a diet that is rich in micronutrients. (Dr. 
Oakley notes that spinach is an excellent source of folic acid.) 

reView
Not getting enough micronutrients is a kind of undernourish-
ment. Disease sometimes results. Even if micronutrient insuffi-
ciency is not severe enough to cause disease, it can put stress on 
the body’s organs and systems. It also can play a major role in ill 
health, cancers, and even birth defects. The U.S. National Acad-
emy of Sciences puts out guidelines about how much of each 
micronutrient people should get each day. These are called Rec-
ommended Dietary Allowances (RDAs). The majority of people 
in the United States and other wealthy countries eat diets that 
do not meet RDAs for one or more micronutrients. The immune 
system’s healthy functioning depends on the proper balance of 
several micronutrients. Insufficiencies of these vitamins and 
minerals can lead to increased infections, poor healing, and 
a failure of the signaling system that identifies foreign invad-
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ers. Antioxidant micronutrients are suspected to be of critical 
importance to maintaining cell health and the prevention of 
cancers. A diet that includes foods rich in antioxidants seems 
to dramatically reduce the risk of cancer. Researchers do not yet 
know all the ways that an insufficiency of micronutrients can 
harm the body, but they believe that many modern diseases may 
be caused, at least in part, by not getting enough vitamins and 
minerals. Adequate folic acid, for instance, was recently discov-
ered to be critical to the prevention of the serious birth defects 
spina bifida and anencephaly. What other diseases might be 
prevented by optimal micronutrient intake? No one knows the 
answer to this question, so the safest approach is to eat a varied 
diet that includes all micronutrients in abundance.   
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NutritioN aNd 
ProbLems of 
metaboLism 

Some people are born with genetic variations or errors that 
mean one or more of the nutrients in foods cannot be 

absorbed, utilized, or turned into energy. Th ese conditions used 
to be disabling or deadly; today, many of them are treatable, even 
when the disorder itself cannot be altered or cured. Specialized 
nutrition therapy can prevent disability and further diseases that 
used to result from these disorders.  

iNborN errors of metaboLism
Inborn errors of metabolism (IEMs) also are called congenital 
metabolic diseases. Th ey usually are obvious from birth, but 
sometimes are not diagnosed until childhood or adulthood. Each 
specifi c IEM is rare, but there are hundreds of them, so the overall 
incidence of metabolic disorders is common. An IEM occurs in 
about 1 in every 5,000 births. IEMs usually are caused by a defect 
in a single gene, which codes for a particular enzyme. Enzymes do 

6

HE Disease Prevention 3rd pass.indd   94 5/12/10   9:27:58 AM



95Nutrition and Problems of Metabolism

all the work inside cells. They are required to change a substrate 
(the nutrient being broken down) into the product (another new 
substance that is needed by the body). For example, the enzyme 
lactase breaks down lactose, the sugar in milk. If a person is miss-
ing lactase or does not produce enough, milk cannot be digested 
and metabolized, so the person is lactose intolerant.

When there is not enough of an enzyme, the substrate builds 
up, and the product is found at very low levels, or not at all. The 
result may be uncomfortable and painful, as in lactose intolerance, 
or it may be life threatening. Toxic substances may build up in the 
body. Cells may no longer function normally and have a reduced 
ability to make their own compounds or produce energy from the 
foods that are eaten. IEMs can be disorders of protein metabo-
lism, fat metabolism, or carbohydrate metabolism, depending on 
the specific enzyme affected. The enzyme is malfunctioning or 
missing because the gene that codes for it is missing or defective. 

geNes aNd iems
In metabolic disorders, genetic dysfunction is usually inherited. 
When a human egg is fertilized, the resulting zygote inherits 23 
chromosomes from its mother and 23 from its father. The chro-
mosomes that determine sex are the X and Y chromosomes. A 
male zygote has inherited a Y from the father and an X from the 
mother (XY). A female inherited an X from each parent (XX). 
X chromosomes carry many genes that determine traits other 
than gender. Y chromosomes carry very few genes. The other 22 
pairs of chromosomes are called autosomal, meaning they are 
not sex-linked. They carry genes for thousands of traits and body 
functions, and these genes, too, are inherited by the zygote in 
pairs—one from each parent. In many cases, the genes in the pair 
can be dominant or recessive. A simple way to understand domi-
nant and recessive genes is with eye color. If a developing fetus 
has inherited an allele (form of a gene) for brown eyes from its 
father and an allele for blue eyes from its mother, the infant will 
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got miLk? No thaNks! 

Infant mammals depend on their mothers’ milk. Thus, almost all 

mammals, including humans, are born with the ability to make large 

amounts of the enzyme lactase. Lactose, the sugar in milk, is metabo-

lized by lactase. Once childhood is over, most mammals do not make 

as much of this enzyme, or stop making it altogether. Humans are the 

exception; some continue to make lactase throughout adulthood. Yet, 

most humans do not. Scientists estimate that 60% to 75% of the world’s 

population does not make lactase as adults. As a result, they are lactose 

intolerant. Almost all Asians and Native Americans, and about 75% of 

African Americans are lactose intolerant. But about 90% of Northern 

Europeans and small percentages of Africans and Middle Easterners 

continue to make lactase. They have gene mutations that allow lactase 

production to continue. This may have been a survival mechanism. 

Scientists believe the mutation occurred about 10,000 years ago. At 

that time, humans in Northern Europe began dairy farming and raising 

domesticated animals. In winter, when stored crops and meats ran low, 

the lactose-tolerant people could depend on milk from their tame ani-

mals to help them survive. Many modern people of European ancestry 

retain this gene mutation. Thirteen separate groups of people in Africa 

and the Middle East retain lactose tolerance, too, although it is due to 

different genes than the European gene. The ancestors of these people 

were nomadic and regularly migrated with their domesticated cattle, 

seeking pasture for the animals to eat and depending on the milk from 

their cattle to survive. Modern descendants of these nomads retain the 

ability to metabolize lactose. The rest of the world suffers from trying 

to digest milk. They have symptoms that include bloating, gas, nausea, 

diarrhea, and stomach pain. Lactose intolerance, however, is not really 

a disease. It is the normal situation for most mammalian adults, human 

or otherwise. 
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be born with brown eyes. Brown is dominant. The infant carries 
one blue-eyed gene, but the gene is not expressed. It is recessive. 
It is still there and still can be passed on to future generations, 
but only a baby who inherits two alleles for blue eyes—one from 
each parent—will actually have blue eyes. Because that infant has 
no allele for brown eyes, he or she cannot pass on the dominant 
brown-eyed trait.

Many inborn errors of metabolism are inherited in the same 
way that eye color is inherited. Each parent had one normal, dom-
inant gene that coded for an enzyme and one recessive, defective 
gene that did not. The parents, because of their dominant healthy 
genes, had no metabolic disorder, but they were both carriers 
for the disorder. An offspring of these parents may receive both 
defective genes. Such an infant is said to have inherited an auto-
somal recessive disorder. Each baby born to these parents has a 
25% chance of being healthy (inheriting two normal genes); a 50% 
chance of being healthy, but a carrier for the disease (inheriting 
one normal and one defective gene); and a 25% chance of inherit-
ing the inborn error of metabolism. 

Not all IEMs are inherited in this way. Some are the result of 
faulty genes on the X chromosome, and some happen because of 
mutations that can occur when DNA is replicating itself and cells 
are dividing as a zygote grows into a fetus. However, many of the 
most common IEMs are autosomal recessive disorders.

Pku
PKU (phenylketonuria) is an autosomal recessive disorder in 
which the enzyme called phenylalanine hydroxylase is miss-
ing because the gene that codes for the enzyme is defective. An 
infant born missing this enzyme cannot break down an amino 
acid called phenylalanine (the substrate) into the amino acid 
tyrosine (the product). Tyrosine is used as a building block in the 
nervous system and brain. Toxic levels of phenylalanine begin 
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to build up in the body immediately. If it is not recognized and 
treated, PKU leads to brain damage, severe mental retardation, 
hyperactivity, and seizures.

figure 6.1 In autosomal recessive inheritance, a person has the 
condition if he or she has two copies of the gene—usually one from the 
mother and one from the father. A carrier has only one copy of the gene 
and does not have the condition, but he or she carries the gene and will 
be more likely to have children with the condition.
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In the past, children with PKU were hopelessly retarded and 
usually ended up in institutions. Today, however, U.S. state laws 
and regulations in many other countries require that hospitals 
screen every newborn for PKU, as well as other metabolic dis-
orders. Babies who test positive for PKU are immediately placed 
on special diets. This nutritional therapy is a method of “working 
around” the missing enzyme by using a diet that does not include 
phenylalanine. These diets are not easy to formulate or tolerate, 
however. Phenylalanine is in bread, cake, crackers, meat, eggs, 
fish, nuts, and dairy products. Protein is a requirement for healthy 
growth and body maintenance, but people with PKU must eat a 
very low-protein diet. Babies with PKU are fed artificial formulas 
made up of other amino acids, and the formula is bitter and dis-
tasteful. Throughout their lives, people with PKU have to drink 
these amino acid supplements to get the protein they need. Most 
people are allowed some fruits and vegetables, some breads, and a 
very small amount of dairy products. Tyrosine supplements have 
been developed, and these are given to people with PKU in an 
effort to replace the missing tyrosine that the body is unable to 
make. Vitamin and mineral supplements are also needed because 
of the very restricted diet. The diet is boring and difficult, but 
people who follow it have normal intelligence and lead normal, 
healthy lives. PKU cannot be cured, but dietary intervention is a 
true success story.

maPLe sugar uriNe disease
Maple sugar urine disease is another autosomal recessive disorder 
of protein metabolism. It is named for the sweet smell of the urine 
of affected people. In this disease, the enzymes for breaking down 
leucine, isoleucine, and valine are defective. These amino acids 
build up in the blood. Maple sugar urine disease may be mild or 
severe, depending on how the enzymes function and the blood 
levels of the amino acids. In its most severe form, the disease can 
lead to loss of appetite, vomiting, mental retardation, seizures, and 
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coma. Untreated infants die within the first few months of life. 
Even people with mild forms of maple sugar urine disease may die 
if their bodies are under stress from infection and their disorder 
is untreated. As with PKU, treatment is nutritional. People must 
eat a protein-free diet and get their required protein from special 
formulas that omit the dangerous amino acids. This diet is neces-
sary for life because the disorder cannot be cured. Nevertheless, 
normal intelligence and physical health can be achieved if the diet 
is followed from birth—before damage is done.

gaLactosemia
Galactosemia is another IEM that involves missing enzymes, but 
it is a disorder of carbohydrate metabolism, rather than protein 

figure 6.2 Laws in the United States and many other countries require 
that all newborns be tested for PKU. Although there is no cure, immediate 
dietary intervention can help these babies grow up to lead normal, 
healthy lives. Here, a premature infant in high dependency intensive care 
gets a blood sample taken.
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metabolism. The missing enzymes are critical for metabolizing 
galactose. Galactose is a simple sugar that together with glucose 
forms the milk sugar lactose. Three different enzymes may be 
affected or missing. An infant born with galactosemia becomes 
seriously ill very quickly, whether being fed with breast milk or 
formula. Symptoms include loss of appetite, vomiting, lethargy, 
lack of weight gain, and seizures. Galactose builds up in the baby’s 
body. If the condition is not treated, the brain, eyes, kidneys, and 
liver are permanently damaged.

The simple cure for galactosemia is to avoid any kind of milk 
product for life. Because galactose is not an essential nutrient, 
managing nutrition is not as difficult as it is with some other 
IEMs. Babies can be fed soy-based formula and given calcium 
supplements for growth and bone development. Children and 
adults must be careful to avoid any food that might contain 
galactose. They must read the labels of processed foods carefully 
so as to identify any ingredient (such as lactose, casein, curds, or 
milk solids) that may contain galactose. Other proteins, however, 
do not present a problem, so meat, fish, and eggs are acceptable. 
Many hospitals tests for galactosemia at birth because there can 
be severe consequences if it is not diagnosed immediately.

fructosemia
If the body is missing the enzyme called aldolase B, it is unable 
to break down fructose—a fruit sugar—and a disease known as 
fructosemia or fructose intolerance is the result. Like PKU and 
maple sugar urine disease, it is an inherited autosomal reces-
sive disorder. A fructose-intolerant person cannot eat beet sugar, 
cane sugar or any foods to which fructose has been added as a 
sweetener, such as drinks or even baby foods. Sucrose, or table 
sugar, cannot be metabolized either. Often, fructose intolerance is 
diagnosed when a baby begins to eat baby food or drink formula. 
The sugars build up and damage the liver and kidneys. The body’s 
cells cannot make glucose for energy. The earlier the disorder is 
discovered, the more normally the child can grow and develop. 
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Prevention of sickness and death depends on eliminating fructose 
and sucrose from the diet. 

Avoiding sugars is easier than avoiding proteins. As a matter 
of fact, many children with fructose intolerance intensely dislike 
the taste of sweet foods and drinks. However, some nutritional 
inadequacies can develop because so many healthy foods—such 
as fruits, and even potatoes—contain fructose. People with 
hereditary fructosemia, however, can live normal, healthy lives if 
a nutritionist helps them to plan an appropriate diet.

dietary fructose iNtoLeraNce
Another kind of fructose intolerance is called fructose malab-
sorption or dietary fructose intolerance. It is not life threatening, 
not a childhood hereditary disease, and not an inborn error of 
metabolism. Instead, it seems to occur because the modern diets 
in wealthy countries often include extremely high levels of fruc-
tose added to processed foods. Although it appears to be caused 
by the diet, genetic variations may explain why some people are 
more likely than others to get it. Enzymes in the intestines appar-
ently require equal amounts of glucose and fructose in order to 
metabolize fructose correctly. People who eat a lot of fructose may 
have an imbalance of fructose and glucose, and some of them 
cannot tolerate this condition. They develop uncomfortable gas-
trointestinal symptoms such as gas, bloating, belching, and diar-
rhea because the fructose in their foods is not absorbed well.

At the University of Iowa, Dr. Satish Rao has developed tests 
to diagnose dietary fructose intolerance and found evidence that 
people with this condition cannot consume more than 50 grams 
of fructose in a serving or meal. He believes that changes in diet, 
especially avoiding high-fructose corn syrup, can help relieve 
fructose intolerance, but these changes have to be permanent 
and lifelong. Dr. Rao is researching ways to develop an enzyme 
therapy to cure fructose malabsorption.
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cystic fibrosis
The failure to absorb nutrients is a major symptom of the most 
common autosomal recessive disease in European people: cystic 
fibrosis (CF). Although cystic fibrosis can occur among all ethnic 
groups, it is most common in Caucasians. This inherited disease 
affects about 30,000 people in the United States and approxi-
mately 70,000 people worldwide. The malfunctioning gene that 
causes cystic fibrosis disrupts the functioning of the body’s 
exocrine glands. Exocrine glands secrete mucus and sweat. In 
cystic fibrosis, sweat becomes very salty and the body quickly 
can become depleted of salt, which disrupts the electrolyte bal-
ance. Mucus is supposed to keep organs slippery and moist, but 
in people with CF, mucus is thick and sticky. It clogs the lungs 
and blocks airways, causing lung infections. The thick mucus 
also blocks the ducts in the pancreas, keeping digestive enzymes 
from getting to the small intestine. Without these enzymes, the 
intestines cannot completely digest proteins and fats. Malnutri-
tion and vitamin deficiency occur because nutrients, including 
fat-soluble vitamins, are not absorbed.

If the nutritional problems are not treated, children with CF 
fail to grow, are weak and lethargic, have weakened immune sys-
tems, and exhibit the same symptoms as starving children. About 
half of all children with CF who are not diagnosed in infancy have 
protein energy malnutrition. Because of their symptoms, people 
with CF have increased calorie and energy requirements. But 
even when their appetites are good, they cannot take in enough 
calories to maintain a healthy body weight and to grow and 
develop. Lung infections increase their metabolic rate and energy 
requirements. Yet, when people are ill with these infections, they 
often are vomiting and lose their appetites. Lungs can be badly 
damaged by repeated infections, and malnutrition makes people 
much more susceptible to lung infections. Respiratory failure and 
death can occur.
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Today, aggressive nutritional intervention is a major part of 
CF treatment. CF cannot be prevented or cured, and reversal 
of lung problems is not possible. However, CF can be managed 
so that immune systems are strengthened, lung infections are 
reduced, bodies can grow, and people with CF can live healthier 
lives. First, nutritional management of CF requires replacing the 
missing enzymes. This is called pancreatic enzyme replacement 
therapy (PERT). Scientists have developed man-made versions of 
the blocked enzymes, which can be supplied in capsules. PERT 
improves digestion and absorption of foods and nutrients. The 

figure 6.3 Tara Madison’s daughter Ella was diagnosed with cystic 
fibrosis as a newborn. Cystic fibrosis is an autosomal recessive disease 
in which the malfunctioning gene that causes the disease disrupts the 
functioning of the body’s exocrine glands. Ella, seen here at age 2 in 
2007, has treatments twice a day with a vest that pounds her chest to 
loosen mucus, and she takes in medications with a nebulizer.
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capsules are taken with every meal or snack. PERT does not work 
as well as natural pancreatic enzymes would, but it allows more 
fats and fat-soluble vitamins to be absorbed and greatly improves 
the digestion of proteins.

Energy needs for people with CF are high. Because fat is the 
most energy-dense nutrient, people with CF need to eat a diet that 
has about 40% of total calories from fat. (This is much higher than 
the maximum 25% recommended for people without CF.) Total 
energy intake must be higher than normal, too. Recommended 
calorie intake for health is anywhere from 10% higher to twice the 
estimated energy requirement (EAR) for healthy people. Because 
people with CF have trouble eating large amounts of food, they 
often resort to tricks, such as drinking half-and-half instead of 
milk, adding butter and cheese to vegetables, putting gravy on 
their meats and potatoes, and mixing extra eggs into hamburgers 
or casseroles. People with CF are encouraged to eat French fries, 
potato chips, ice cream, and pizza. If they still cannot get enough 
calories to maintain a healthy weight, feeding with a nasogastric 
tube may be necessary.

Vitamin and mineral supplements are a critical part of CF 
nutritional management. People with CF not only take a regular 
multivitamin, but also take extra doses of fat-soluble vitamins. 
The amount depends on a person’s age, but those older than eight 
years old generally take an extra 10,000 units of vitamin A, 200 
units of vitamin E, and at least 400 units of vitamin D every day. 
Extra vitamin K also is required in a supplement. Vitamin K helps 
blood to clot and helps enzymes to break down proteins. Vitamin 
K deficiency is very rare in the normal population, but it is a fat-
soluble vitamin, so people with CF may not be able to absorb it in 
foods. People with CF also must eat a high-salt diet in the sum-
mer, because so much salt can be lost when they sweat. According 
to the Cystic Fibrosis Foundation, healthy lungs have more natu-
ral antioxidants than CF lungs. Because antioxidants help prevent 
infections and inflammation, some scientists believe that people 
with CF should take extra antioxidant supplements, too.
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Nutritional management of CF is complex, but when people 
get enough calories, macronutrients, and micronutrients, they 
grow at a normal rate, go through puberty at the appropriate 
age, suffer fewer infections, and enjoy a good quality of life. Most 
nutritionists believe that people with CF live many years longer 
when adequate nutrition is supplied. When CF was first identi-
fied as a disease in 1938, most people died of it in infancy. Today, 
half the people with CF in the United States are adults. This 
improved outcome is due in large part to improved medical treat-
ments of lung disease, but it is also due to aggressive prevention 
of malnutrition.

ceLiac disease
Celiac disease, like cystic fibrosis, is a disease of malabsorption. 
It has a different cause, however, and requires different treatment. 
People with celiac disease cannot tolerate gluten, a protein in 
wheat, rye, and barley. Celiac disease is not an autosomal reces-
sive disorder. It is believed to be caused by genetic variations that 
make the body react to gluten as if it is an invader. The immune 
system attacks the gluten, creating toxins that damage and destroy 
the villi that line the small intestine. Villi are tiny finger-like pro-
trusions that allow nutrients to be absorbed into the bloodstream. 
Celiac disease is a kind of autoimmune disease. As the immune 
system responds to the presence of gluten, it ends up attacking the 
body itself. Once the intestine is damaged, macronutrients and 
micronutrients are not absorbed properly. The more villi that are 
damaged or destroyed, the worse the malabsorption is. 

Celiac disease is a complex disorder, with different forms 
and varying symptoms. The “classic” form of the disease occurs 
in early childhood; it has severe effects when undiagnosed and 
untreated. Symptoms include diarrhea, failure to grow properly, 
anemia (a deficiency of red blood cells), and protein energy mal-
nutrition. However, Dr. Michelle Pietzak, a celiac specialist writ-
ing in Nutrition in the Prevention and Treatment of Disease, calls 
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“classic” celiac disease just “the tip of the iceberg.” She explains 
that “late-onset” celiac disease is a serious health problem in older 
children and adults, who are often misdiagnosed. Even when 
these people have pain, diarrhea, and weight loss, medical tests 
often fail to identify the gluten intolerance. Instead, people with 
celiac disease may be misdiagnosed with lactose intolerance, irri-
table bowel syndrome, or “abdominal pain of childhood.” Other 
people with celiac disease may have joint pains, constipation, and 
vomiting. They, too, can be hard to diagnose because the medi-
cal recognition of late-onset celiac disease is relatively new. Some 

figure 6.4 Villi in the small intestine allow nutrients to be absorbed 
into the blood stream. People with celiac disease have immune systems 
that attack gluten, creating toxins that damage or destroy these villi in 
the small intestine.
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people may have no symptoms, because not enough villi have 
been destroyed to cause sickness. Diagnosis can be delayed for 
years, and during this delay, people’s digestive systems are being 
damaged and nutritional deficiencies are putting their health at 
risk. 

Celiac disease is most accurately diagnosed with endoscopy 
and a biopsy of the small intestine, along with a test of the per-
son’s response to gluten. To do the biopsy, a doctor threads a 
flexible instrument called an endoscope through the person’s 
mouth and down to the small intestine. A camera on the endo-
scope allows the doctor to see any changes on the intestinal wall. 
Inflammation can be seen with the camera, and with a small tool 
on the endoscope, a tiny piece of tissue is cut and removed for 
further microscopic examination for damaged villi. However, 

geNes that say “No” but Not “yes” 

The specific genes that lead to the development of celiac disease have 
not yet been found, but some gene variations almost always occur in 
a person with celiac disease. These genes do not cause the disorder. 
Almost 40% of people have these variations, but not all of these people 
get celiac disease. Perhaps the genes are necessary for celiac disease 
to occur, but other factors are at play, too. The genes are called HLA 
(human leukocyte antigen) genes. HLA genes code for the ability of T 
cells in the immune system to find and destroy foreign invaders. Many 
variations of HLA genes occur normally, but two of them—labeled DQ2 
and DQ8 by scientists—are found in 95% of people with celiac disease. 
A genetic test can determine whether someone has these HLA gene 
variations. If a person has neither DQ2 nor DQ8, the chance that he or 
she has celiac disease is extremely small. However, just because a person 
has one of these variations does not mean they have, or ever will have, 
celiac disease. 

HE Disease Prevention 3rd pass.indd   108 5/12/10   9:28:03 AM



109Nutrition and Problems of Metabolism

other disorders can damage villi, so the doctor cannot diagnose 
celiac disease without determining the person’s response to glu-
ten. The test and the treatment for celiac disease are the same: 
Eliminate gluten from the diet. In the vast majority of people with 
celiac disease, a gluten-free diet resolves all the symptoms, heals 
the small intestine, and ends the malabsorption of nutrients. In 
addition, any nutritional deficiencies can be reversed with supple-
ments. The most likely deficiencies are of iron (a mineral that is a 
key component of red blood cells) and the fat-soluble vitamins A, 
E, D, and K. For most people, the effects of celiac disease can be 
prevented by avoiding gluten.

Gluten-free diets are not always easy to follow. People cannot 
eat anything made with wheat, rye, graham flour, bran, or barley. 
Many in the United States cannot eat oats either, because oats 
and wheat are often ground in the same mills, and the oats can 
be contaminated. Processed foods can contain hidden gluten. For 
example, products that list ingredients such as “hydrolyzed veg-
etable protein” or “flavorings” may contain gluten. Gluten may be 
used as flavoring in candy, sauces, soups, and salad dressings. It 
is even used as filler in some vitamin supplements and medicines. 
In Europe, Australia, and Canada, government standards require 
that food labels list gluten and that foods labeled “gluten-free” 
meet government criteria. In the United States, as of 2009, such 
standards are still under review by the Food and Drug Adminis-
tration (FDA). Thus, many Americans have no way to be sure that 
a food is actually gluten free.  

Coping with celiac disease is complicated and lifelong, but 
according to Pietzak, it is the only autoimmune disease with a 
known trigger. In that sense, people with celiac disease are for-
tunate. They know how to prevent the malabsorption and dam-
age caused by gluten intolerance. They cannot change the gene 
variations that help lead to the intolerance. No one even knows 
all of the genes involved, much less how to make them function 
normally. But people with celiac disease usually can recover com-
pletely with the appropriate nutritional intervention.
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reView
Unhealthy diet choices are not the only reason for nutritional 
deficiencies. Some people are born with genetic differences and 
mutations that make them unable to absorb or metabolize certain 
nutrients. These people have specialized nutritional requirements 
that must be met to prevent disability or death. Inborn errors of 
metabolism (IEMs) are serious diseases caused by defective reces-
sive genes. They are rare diseases, but some of the best known are 
phenylketonuria, maple sugar urine disease, galactosemia, and 
fructosemia. In each IEM, missing enzymes prevent the metabo-
lism of nutrients and result in toxic buildups and other severe 
problems in the body. Prevention of disability and death requires 

figure 6.5 People who cannot tolerate gluten cannot eat foods that 
are made with wheat, rye, graham flour, bran, or barley. Gluten-free 
products, like these, can now be found in many mainstream grocery 
stores.
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lifelong avoidance of the nutrient for which there is no enzyme, 
while still maintaining a healthy diet. Cystic fibrosis and celiac 
disease are disorders that involve malabsorption of macronutri-
ents and micronutrients. Protein energy malnutrition is common. 
In cystic fibrosis, malabsorption occurs because the pancreatic 
digestive enzymes are blocked and cannot reach the small intes-
tine. Specialized nutritional intervention is required for weight 
maintenance, micronutrient deficiencies, and strengthening the 
immune system. In celiac disease, malabsorption occurs because 
the body cannot tolerate gluten. A gluten-free diet allows the 
intestinal damage to heal, and reverses nutritional deficiencies. 
In both cases, achieving optimal nutrition is challenging but of 
critical importance to overall health.   

HE Disease Prevention 3rd pass.indd   111 5/12/10   9:28:04 AM



112

7
NutrigeNomics

People with metabolic disorders or inherited diseases are not 
the only ones who have variations and mutations in their 

genes: Everyone does. Vulnerability to disease and how our 
metabolisms work depends partly upon the gene variations we 
have inherited. How much of a nutrient we need to prevent dis-
ease and achieve optimum health may be as unique to each per-
son as appearance and personality. Our particular set of genes 
and all of our DNA is called our genome. Each individual’s 
genome is unique, although we share many similarities with 
others. An emerging science named nutrigenomics focuses on 
the interaction between nutrition and our genes. Its ultimate 
goal is to someday tailor each person’s diet to his or her specifi c 
genetic needs. With personalized nutritional advice, each per-
son could live a longer life and have fewer diseases.
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NutrieNts aNd geNe iNteractioNs
The idea that we should eat what is best for our genes is a logical 
one and based on a good deal of evidence. No one can genetically 
tailor people’s diets today, but nutrigenomics scientists are work-
ing toward a future when they will know enough about nutrients 
and genes to make the idea a reality. In a 2008 interview with 
Whole Foods magazine, nutrigenomics expert Dr. Jim Kaput 
explained what he said are “the five guiding precepts” of nutrig-
enomics research. They are:

Common dietary chemicals act on the human genome,  ●

either directly or indirectly, to alter gene expression (the 
translation or interpretation of information coded in the 
gene’s DNA) or structure.
Under certain circumstances and in some individu- ●

als, diet can be a serious risk factor for a number of 
diseases.
Some diet-regulated genes (and their normal, common  ●

variants) are likely to play a role in the onset, incidence, 
progression and/or severity of chronic diseases.
The degree to which diet influences the balance between  ●

healthy and disease states may depend on an individual’s 
genetic makeup.
Dietary intervention based on knowledge of nutritional  ●

requirement, nutritional status, and genotype (each 
individual’s particular set of genes; i.e., “individual-
ized nutrition”) can be used to prevent, mitigate or cure 
chronic disease.

NutrieNts as geNe switches
In 2000, scientists Randy Jirtle and Robert Waterland experi-
mented with the effect of nutrients on gene expression and disease 
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with some specially bred laboratory mice. The mice carried a gene 
known as the agouti gene. The gene made them yellow instead of 
brown, caused them to be ravenously hungry and become obese, 
and made them susceptible to diseases such as diabetes and cancer. 
The scientists mated the agouti mice and, when the mothers were 
pregnant, Jirtle and Waterland fed them food supplements rich 

Lose the coffee aNd (maybe)  
saVe your boNes

Osteoporosis is a bone-thinning disease that affects many elderly 
women. Over time, their bones become less dense, and their risk of frac-
tures is high. Yet not all older women develop osteoporosis, and some 
have the disease much more severely than others. Scientists believe that 
the reason for this difference may lie in the genes. One gene is called 
the vitamin D receptor gene, or VDR. It codes for the receptors that 
bind vitamin D in the cells of many organs in the body. When these 
receptors bind vitamin D, they are activated to regulate the balance of 
calcium in the body. This enables the body to metabolize and absorb 
calcium and to build strong bones. People cannot absorb calcium with-
out enough vitamin D. Scientists have identified variations of the VDR 
gene that are labeled TT (normal) and tt (mutated). People with the 
tt variation who also drink a lot of coffee are at increased risk for bone 
weakening, calcium loss in the bones, and osteoporosis. Researchers 
theorize that the caffeine interacts with VDR, decreasing its expres-
sion, which reduces the number of vitamin D receptors in cells. This, in 
turn, decreases calcium absorption. Women with the TT variation are 
much less affected by consuming caffeine. Someday, when everyone’s 
genotype can be tested for disease risk, women with the tt variation 
will be advised to limit caffeine intake to help prevent osteoporosis. For 
now, scientists suggest that all older women keep coffee intake below 
16 ounces (473 milliliters) per day, tea intake below 32 ounces (946 mL), 
and caffeinated soda below 12 ounces (355 mL). 
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in methyl donors. Methyl donors are nutrient chemicals found in 
some B vitamins and common in foods such as garlic, beets, and 
onions. The nutrient chemicals attached to the agouti genes in the 
developing baby agouti mice and acted like a chemical switch for 
the genes. The genes and DNA coding were still there, but gene 
expression was turned off. The baby mice were born brown, had 
normal appetites, and lived long, disease-free lives.

Writing about this experiment in a 2006 Discover magazine 
article, journalist Ethan Watters notes, “More and more, research-
ers are finding that an extra bit of a vitamin, a brief exposure to a 
toxin, even an added dose of mothering…[can] alter the software 
of our genes.” In the case of the baby agouti mice, it was a nutri-
ent that changed the phenotype (the looks, behaviors, and traits) 
of the mice, even though the genotype was not changed. Mice are 
not people, and people do not have agouti genes, but nutrigenom-
ics experts believe that different nutrients can act as switches that 
turn genes on and off in humans, too.

Scientists now know that not all nutrients are metabolized 
for energy or maintaining cell functions. Some chemicals from 
nutrients, such as the methyl donors, may actually prevent 
gene variations from causing harm or leading to disease.  Jirtle 
and Waterland’s experiment is a good example of how a nutri-
ent might affect cell activity and gene expression, whether that 
nutrient is a macronutrient, a micronutrient, or another nutrient 
chemical. In Watter’s Discover article, Jirtle is quoted as saying 
“Now everything we do—everything we eat or smoke—can effect 
our gene expression and that of future generations.” 

NutrieNts aNd geNe exPressioN
According to researchers at the Nutritional Genomics Center at 
the University of California at Davis, chemicals from nutrients 
can affect gene expression directly (A) or indirectly (B and C). 
Nutrient chemicals may attach to genes directly (A). They may be 
metabolized, and alter other molecules that regulate genes and 
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signal cells (B), or they may activate or inhibit chemical pathways 
in a cell (signal transduction) (C).  

NutrieNts aNd dNa rePair 
Some nutrients may also act to protect the genome from damage. 
DNA is constantly replicating itself, and thousands of mistakes 
are made each day as a result. If the mistakes were not fi xed, the 
genome eventually would be irreparably damaged, and we would 
develop diseases or die. Genes, nutrients, and lifestyle (exercise, 
smoking, environmental pollutants) determine how well repair 
takes place and how much damage occurs. Nutrigenomic scien-
tists suspect that cell damage that is not eff ectively repaired is the 
cause of many diseases, such as cancer. For example, in a 2007 
experiment, special mice with genes that predisposed them to 
skin cancer were exposed to UVB radiation, similar to radiation 

figure 7.1 This diagram illustrates the ways in which chemicals from 
nutrients can affect gene expression both directly and indirectly.
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from the sun. Half the mice were given a component of B vita-
mins called inositol in their drinking water. These mice developed 
far fewer skin tumors than those who received no inositol—23% 
versus 51%. The researcher, A.M. Shamsuddin, suggested that 
this result could have meaning for people who are airline pilots 
or frequent fliers. They might need more inositol in their diets 
to protect them from skin cancer. The experiment seemed to 
demonstrate one way that nutrients can protect DNA when the 
environment is harmful.

NutrigeNomics says…
Studies such as Shamsuddin’s, however, never yield results of 100% 
certainty. All the mice receiving inositol did not avoid tumors. All 
the mice eating a regular diet did not develop cancer. Whether 
with mice or human cells or people, scientists do not discover 
“magic bullets” or simple answers that explain how to prevent 
disease. Part of the reason is that individuals respond differently 
to the same diet. The trick for scientists is identifying both the spe-
cific genes and the nutrients that determine health and disease. 

For the most part, Dr. Kaput explains, nutrigenomic prin-
ciples of disease prevention are most easily applied to groups of 
people who share similar metabolic genetic profiles and lifestyles. 
These similar profiles may be due to having the same ancestry or 
belonging to the same ethnic group. Some gene variants occur 
more frequently in one ethnic group than another. However, there 
are no genes exclusive to one race or ethnic group. All groups of 
humans are susceptible to the same gene variations.

simiLar aNcestry, simiLar  
geNetic ProbLems
One well-established gene variant, for example, occurs on the 
angiotensin gene, called ANG. One variation in ANG increases a 
person’s risk for high blood pressure. This gene variant occurs most 
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commonly in African Americans. People with this gene variant 
can control high blood pressure with a low-salt diet. About 73% of 
African Americans are salt sensitive and will be helped by such a 
diet. Many people of European ancestry have the same variation in 
the same gene. Those people, too, will be helped by a low-salt diet. 
But the same diet will not help people with high blood pressure 
due to another cause. Some people, for instance, need a diet rich in 
calcium to lower blood pressure. If a physician knows a person has 
the ANG variant, he or she can better treat high blood pressure. 

tabLe 7.1 microNutrieNts aNd dNa
Serious health problems can be caused by deficiencies in selected micro-
nutrients (due to decreased intake or increased individual need) and 
resulting DNA damage.

micronutrient 
deficiency

dNa damage health effects

Folic acid Chromosome breaks Colon cancer; heart disease; 
brain dysfunction

Vitamin C DNA oxidation Cataracts; cancer

Vitamin E DNA oxidation Colon cancer; heart disease; 
immune dysfunction

Iron DNA breaks; DNA 
oxidation

DNA breaks

Zinc Chromosome breaks; 
DNA oxidation

Brain and immune system 
dysfunction; cancer

Niacin Disables DNA repair Neurological symptoms; 
memory loss

Adapted from “Table 1: Micronutrient Deficiency and DNA Damage” in “Micronutrients,” 
The NCMHD Center of Excellence for Nutritional Genomics, UC Davis. Available Online. 
URL: http://nutrigenomics.ucdavis.edu/nutrigenomics/index.cfm?objectid=9688A280-
65B3-C1E7-02E9FCDABDD84C68.
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The thrifty genes that may lead to metabolic syndrome, 
obesity, diabetes, and heart disease also seem to vary among 
populations. Although these gene variations affect many people 
of European ancestry, they are even more common among certain 
indigenous populations, such as Native Americans, Polynesians, 
and aboriginal peoples in Australia and Canada. Among many 
of these peoples, the high-fat, high-sugar diets of wealthy Euro-
peans have had devastating health effects. For example, the Pima 
Indians of Arizona have the highest incidence of type 2 diabetes 
of any group of people in the world. Out of 11,000 Pima Indians 
living along the Gila River, half have diabetes and 95% are over-
weight. Nutrigenomics researchers are trying to identify the genes 
that cause this reaction to specific diets. If they succeed, they will 
be able to warn vulnerable people and recommend appropriate 
diets to prevent the chronic diseases caused by the interaction 
of thrifty genes and diet. This would help to reduce some of the 
health disparities between ethnic groups. 

geNe VariaNts aNd  
NutrigeNomics success
Although obesity and disease may be the result of nutrient intake 
that triggers the expression of thrifty genes, other nutrients can 
prevent disease. Perhaps some of these nutrients could even par-
tially offset the effects of thrifty genes. In 2009, Olha Kyhmenets 
and a scientific team reported on a study of virgin olive oil. The 
researchers fed a group of healthy men and women virgin olive 
oil for three weeks as their major dietary source of fat. The par-
ticipants were given extra olive oil as a food supplement, too. 
Then, each person’s genome was examined for changes in genes. 
The researchers were looking for evidence about genes that are 
believed to control cholesterol levels and the onset of arterioscle-
rosis. Both of these conditions are associated with an increased 
risk of heart attacks. The participants’ genes did react to the olive 
oil. A total of 10 genes showed differences in expression, and some 
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of them were genes that control the metabolism of fatty acids and 
lipids. Other scientists, in other studies, have found that virgin 
olive oil can reduce DNA oxidation and free radicals. DNA dam-
age in blood cells and blood vessel walls is known to occur with 
arteriosclerosis, and two of the genes that Kyhmenets identified 
are part of the body’s DNA-repair system. A single study does not 
prove that everyone needs to eat olive oil to repair DNA and pre-
vent arteriosclerosis, but the research team does assert that they 
have evidence that olive oil can alter the expression of genes.

Recently, scientists have identified a gene referred to as 
MTHFR, which codes for an enzyme that helps break down 
amino acids. When this enzyme doesn’t work properly, an amino 
acid called homocysteine builds up in the blood. Increased blood 
levels of homocysteine increase a person’s risk of heart disease 
and blood vessel disease. In 15% to 20% of people of European 
ancestry, a variation of the MTHFR gene makes the enzyme work 
less efficiently. People with this variant have high levels of homo-
cysteine in their blood, unless they are taking folic acid supple-
ments. The folic acid normalizes the metabolism and ensures 
good gene expression. 

PersoNaLized diets taiLored  
to geNotyPes
Today, scientists have been able to identify about 20 genes with 
variants that may make people have an increased need for certain 
nutrients. However, humans probably have between 20,000 and 
30,000 genes, and scientists are unsure of all the nutrient inter-
actions that may be important even for the 20 genes they have 
identified. Nevertheless, as nutrigenomics research progresses, 
scientists are sure that the time will come when individual 
genomes can be tested, people will be told their risk for a variety 
of diseases, and diets can be planned for the specific nutrient 
intake that will sustain optimal health. Each person will have a 
personalized nutritional plan, with specific foods to eat.
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Raymond L. Rodriguez is the director of nutrigenomics 
research at the University of California, Davis. In an interview 
with Technology Review (a magazine put out by the Massachusetts 
Institute of Technology), he explains, “You bring two things to 

figure 7.2 It appears that some nutrients and phytochemicals could 
play a role in preventing cancer by interacting with the genes that control 
many biological processes, from DNA repair to hormone regulation.
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the table: your appetite and your genotype. When you consume 
a food, your genes are like a Christmas tree, red and green lights 
that flip on and off and flicker back and forth. My Christmas 
lights differ from yours and flicker at a different rate. Over time, 
depending on your types of genes and how frequently they’re 
turned on and off, you’ll either be healthy or in a disease state.” 
So, with nutrigenomics, some people with genes that cause accu-
mulation of bad cholesterol in their blood could prevent heart 
disease by eating a low-fat diet. Others, with different genes, will 
not decrease their overall fat intake. Instead, they will eat a diet 
high in polyunsaturated fats, such as liquid vegetable oils, nuts, 
and fatty fish. Still others will have genes that protect them from 
high cholesterol levels. They could eat all the bacon, butter, and 
saturated fats that they want.

Some people might have a gene variant that encourages weight 
gain with high-carbohydrate diets, and, thus, they may need to 
minimize their intake of high-carbohydrate foods. Others may 
have genes that slow down their metabolism, and, thus, might need 
to avoid weight gain by eating foods (such as flax seeds, nuts, and 
beans) that signal their genes to increase metabolism. Some people 
will be advised to avoid alcohol; for others, a daily glass of wine will 
be recommended. Individuals with gene variants that put them 
at risk for some cancers might be urged to eat oily fish, take extra 
calcium supplements, and eat vegetables rich in antioxidants. 

do you reaLLy waNt to kNow?
Nutrigenomics could help everyone live up to his or her genetic 
potential and avoid chronic and life-threatening diseases, but 
some experts imagine ethical problems when personalized nutri-
tion recommendations become a reality. Everyone would have to 
undergo DNA testing and genome mapping. Each person would 
know his or her gene variations and disease risks. Such knowledge 
might not be beneficial. The European Nutrigenomics Organisa-
tion (NuGO) suggests that ethical considerations will have to be a 
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strong component of gene testing. An article on the NuGO Web 
site cites the example of a gene mutation that occurs in about 2% 
of the British population. It is associated with a high risk of early 
heart disease and blood vessel disease. People with this gene vari-
ant are not certain to develop heart problems at a young age, but 
many do, and a low-fat diet can reduce the risk. An individual 
with this risk might want to know about the problem so as to 

scieNce or quackery?

Scientists say that nutrigenomics holds promise for the future, but it is 
not yet ready for public consumption. Nevertheless, several for-profit 
companies offer genetic testing, individualized diet plans, and nutri-
tional supplement recommendations as the way to prevent diseases. 
Most medical professionals and nutrigenomics researchers consider 
these claims dubious at best. GeneWatch UK has called claims for 
individualized treatment plans for disease prevention misleading and 
unethical. This British nonprofit organization explains that gene/nutri-
ent interactions are still poorly understood and that lifestyles are much 
more important than genotypes in determining who will get a specific 
disease. They say that such companies are playing on people’s fears 
in order to make money. In 2005 and 2006, the U.S. Government 
Accountability Office tried an experiment. It sent 12 genetic samples 
to 4 companies that advertised individual genetic profile testing and 
nutritional plans. Nine of the samples sent were from the same baby, 
but the companies offered different recommendations for these identi-
cal samples. Two of the companies offered expensive supplements to 
prevent future disease. These supplements were the same as nutritional 
supplements that could be bought in any store, but they cost 30 times 
more. The government researchers concluded that the genetic tests and 
recommendations were inaccurate, of no medical value, and predicted 
future disease risk unscientifically. 
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change his or her diet to reduce the risk of heart disease, strokes, 
and arteriosclerosis. However, this same gene mutation is also 
linked with a 60% greater risk of developing Alzheimer’s disease. 
The NuGO site notes: “Currently, there is no means of preventing 
or curing Alzheimer’s disease, and it is not clear whether modifi-
cation of the individual’s dietary lipids also reduces their risk of 
Alzheimer’s disease.” Perhaps not everyone would want to face 
the fact that a degenerative, incurable disease lies in the future, 
especially if no treatments are available to slow the memory loss.

If the results of genetic testing were not kept private, there 
could be serious problems, too. Employers could refuse to hire 
people with certain genotypes. Insurance companies might 
refuse coverage to people with certain gene variations. Perhaps 
employers or insurance companies would try to require people 
to be genotyped or to follow personalized nutrition plans recom-
mended by nutrigenomics experts. These are not desirable results, 
argues NuGO. NuGO says that everyone should have the option 
to reject genotyping or ignore nutritional advice based on geno-
type. People should be free to make their own choices, and no one 
should be discriminated against because of those nutritional or 
informational choices or because of their genes. Nutrigenomics is 
a science of much promise, but some ethical peril. Nutrigenomic 
researchers believe that guidelines and ethical education will be 
necessary in the future to ensure that this young and emerging 
science does not harm the very people it hopes to help. 

reView 
Nutrigenomics is the study of the interaction between nutrients 
and genes. It is the effort to identify the relationship of each 
individual’s genome to his or her nutritional requirements, and 
thereby reduce the risk of chronic disease and increase optimum 
health. Nutrigenomics is a new science, but already, researchers 
have evidence that nutrients can act upon genes—influencing 
gene expression, repairing DNA errors, and protecting the 
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genome from damage. Common gene variations among different 
groups of people can increase the need for certain nutrients or 
increase the risk for certain diseases. Diseases that may be depen-
dent on genetic variations and amenable to nutritional interven-
tion include diabetes, cardiovascular disease, obesity, and cancers. 
Nutritional intervention tailored to genotypes could prevent these 
diseases and help people achieve optimum health. In the future, 
nutrigenomics experts expect to be able to plan individual, spe-
cific diets with recommended food choices based on genetic need. 
When this expectation becomes reality, ethical issues about the 
use of genotyping and the freedom of each individual to act upon 
nutrigenomic recommendations will have to be addressed. 
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emergiNg scieNce

Nutrigenomics is not yet a reality, but modern research is defi n-
ing the complicated relationship between nutrition and disease 

prevention at a rapid pace. Researchers are starting to under-
stand how micronutrients aff ect health. Th ey also have found 
substances in foods that may be critical to health, though they 
are not recognized as essential nutrients. How important these 
discoveries are is still controversial, but many nutritional experts 
and medical professionals are already making dietary recommen-
dations based on mounting evidence of the connection between 
nutrients and disease.

suPer VitamiN d 
In a 2008 newspaper article, Dr. Craig Bowron called vitamin 
D a nutritional “superstar.” Not only is the vitamin involved in 
calcium absorption and the prevention of rickets, it is of vital 
importance to many body systems, including the expression of 

8
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about 2,000 genes, about 10% of the human genome. Researchers 
say that it is clear that people need ample vitamin D. Yet, most 
people are deficient in the vitamin, though it is made at high levels 
in sun-exposed skin.

how VitamiN d works
Technically, vitamin D is not a vitamin. It is a family of chemi-
cal compounds that act more like a hormone. When people are 
exposed to sunlight, ultraviolet B (UVB) radiation is absorbed by 
their skin. In the skin is a chemical called provitamin D3. It is a 
kind of cholesterol. It reacts to the UVB radiation to form previ-
tamin D3. Over several hours, previtamin D3 is changed into D3, 
or cholecalciferol. This is released into the bloodstream, where it 
binds with a protein and is carried to the liver. Because D3 is fat 
soluble, it can be stored in the liver. There, it can be converted into 
other compounds that travel to the kidneys. The kidneys make 
the active form of vitamin D, which is then used elsewhere in the 
body. This fits the definition of a hormone: a chemical made by 
one part of the body to be used by other parts. Active vitamin D 
made in the kidneys circulates in the blood and is used by many 
other body systems.

Instead of being converted by the kidneys, some vitamin D 
compounds bind directly with receptors in body cells. Scientists 
do not know exactly how vitamin D3 is converted to active vita-
min D in this system, but they have found vitamin D receptors in 
many organs, such as the brain, pancreas, prostate, breasts, and 
colon, as well as in immune system cells.

sources of VitamiN d 
With enough sunshine, animal and human bodies can make their 
own active vitamin D. Few foods naturally contain vitamin D. 
Wild cod often have large quantities of vitamin D in their livers. 
So, cod liver oil is one of the few food sources of vitamin D. Egg 
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yolks have a little vitamin D, as does butter. Some plants make 
a diff erent form of vitamin D from ultraviolet light. It is called 
vitamin D2, or ergocalciferol.  Both vitamin D2 and D3 can be 
converted by human bodies into active vitamin D, but D2 is not 
absorbed as effi  ciently as D3. It takes three times more vitamin 
D2 over a longer period of time to get adequate levels in the blood 
than it does for D3. Oft en, the vitamin D added to milk, breakfast 
cereals, and cheese or provided in multivitamin supplements is 
ergocalciferol. 

In theory, the best kind of vitamin D is D3, made from the sun, 
but modern people just do not get enough sun exposure to avoid 
defi ciency. Our original human ancestors evolved in Africa, wore 
little or no clothing, and were exposed to warm, direct sunlight 
most of the year. Th ey acquired ample vitamin D from sunshine. 
Today, on the other hand, people live in northern latitudes, cover 

figure 8.1 Very little vitamin D can be synthesized in humans’ skin 
between November and February at latitudes north of 37 degrees on 
a map.
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up with clothing, inhabit smoggy cities, and spend much time 
indoors. In addition, light-skinned people absorb UVB radiation 
more easily than dark-skinned people. About 20 to 30 minutes of 
summertime exposure is enough for a fair-skinned person (with 
face, arms, legs, and part of the torso bare), but someone with 
darker skin may need up to three hours to make enough vitamin D 
for good health. Older people also absorb UVB radiation less easily 
than younger people. People who wear sunscreen to protect against 
skin cancer block UVB absorption. Even glass windows prevent the 
synthesis of active vitamin D. Choosing shade over direct sunlight 
reduces vitamin D absorption by 60%. In winter, the angle of the 
sun prevents absorption for everyone in temperate climates. 

VitamiN d iNsufficieNcy
Vitamin D insufficiency is now seen as a public health epidemic in 
much of the world. In the United States, 40% to 60% of the popu-
lation does not have enough vitamin D in their blood. Among 
children, teens, and young adults, the incidence of insufficiency 
is 70%. Worldwide, about 1 billion people are deficient. Because 
it is impossible to know how much vitamin D a person makes 
when exposed to the sun, RDAs for vitamin D have never been 
determined. Instead, an adequate intake (AI)—a best guess—for 
vitamin D to ensure healthy bones is set by the National Academy 
of Sciences. Because vitamin D is known to be toxic at high levels, 
the AI is set quite low. The amount varies by age and gender, but 
for infants, children, and teens, the AI is currently 5 micrograms 
or 200 International Units (IU).

Many medical researchers and scientists believe that this 
amount is grossly inadequate and that the risk of toxicity is exag-
gerated. In 2008, the American Academy of Pediatrics (AAP) 
doubled its recommendation for infants, children, and teens to 
400 IU of vitamin D daily.  Dr. Frank Greer, the chairman of 
the AAP’s National Committee on Nutrition, explained, “We are 
doubling the recommended amount of vitamin D children need 

HE Disease Prevention 3rd pass.indd   129 5/12/10   9:28:27 AM



NutritioN aNd disease PreveNtioN130

each day because evidence has shown this could have life-long 
health benefits. Supplementation is important because most chil-
dren will not get enough vitamin D through diet alone.” In 2008, 
the American Medical Association (AMA) also requested that 
AIs for vitamin D be reviewed and reassessed. In August 2009, 
the National Academy of Sciences’ Institute of Medicine began 
an official review of the U.S. government’s recommended daily 
intake of vitamin D.

Many researchers not only agree that AIs must be revised, but 
also already recommend large doses of vitamin D supplements. 
Grassroots Health: D Action is an organization of vitamin D 
scientists who recommend that medical doctors test every patient 

way too much of a good thiNg

Vitamin D can be toxic, or poisonous, to the body in very high supple-
ment doses. (The body naturally prevents any toxicity from sun expo-
sure by stopping its manufacture of vitamin D when levels threaten to 
become excessive.) The supplemental dose level thought to be toxic is 
about 50,000 IU. For some people, this level can be toxic within a mat-
ter of days, but for others it may take decades before symptoms appear. 
Vitamin D toxicity causes high levels of calcium in the blood, which can 
severely damage bones, tissues, and kidneys. Symptoms of poisoning 
include constipation, nausea, lethargy, mental confusion, high blood 
pressure, dehydration, and disturbances in heart rhythm. Vitamin D 
toxicity can be serious, but usually the only treatment required is to stop 
taking the supplements completely. In severe cases, the person may 
also have to avoid sun exposure until blood levels of vitamin D return 
to normal. Toxicity occurs because vitamin D is a fat-soluble vitamin, 
meaning it can be stored in the body. Excess amounts of water-soluble 
vitamins are excreted in the urine. Any fat-soluble vitamin can be toxic 
at high levels. 
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for adequate blood levels of vitamin D. Sixteen of its member 
scientists issued an action statement recommending 2,000 IU, 
in the form of D3 supplements, as a minimum intake for almost 
every adult. The scientists argue that the risk of insufficiency far 
outweighs the risk of toxicity. Another advocacy organization, 
the California-based Vitamin D Council, quotes journalist Mike 
Adams as saying, “Vitamin D is, without question, the miracle 
nutrient of the century.”

the imPortaNce of VitamiN d
Why are so many scientists and doctors excited about vitamin D? 
Not only are most people deficient, but numerous respected sci-
entific studies have demonstrated that low levels of vitamin D are 
linked to many diseases and disorders. Osteoporosis, the disease 
of weakened bones common among the elderly, and osteomala-
cia, a rickets-like disease in adults, are both linked to low levels 
of vitamin D.  Almost 3,000 studies link vitamin D with cancer 
prevention. Insufficiency of this vitamin has also been implicated 
in diabetes, autoimmune diseases (multiple sclerosis, chronic 
muscle fatigue, and fibromyalgia), heart disease, strokes, kidney 
disease, and malabsorption disorders (for example, celiac disease 
and cystic fibrosis). There is evidence that it is associated with 
resistance to infections, such as influenza and tuberculosis. Some 
scientists even believe that further research will prove a connec-
tion between the brain and vitamin D that explains conditions 
such as depression and autism. 

Vitamin D is essential for strong bones and teeth through-
out life. It helps promote calcium absorption, and calcium is the 
major building block of bones and teeth. With osteoporosis, as 
with many disorders, the foundations for prevention are laid 
down with ample nutrition in childhood and adolescence, even 
though the disease does not appear until middle or old age. Nev-
ertheless, nutritionists already recommend 1,000 IU for people at 
risk for osteoporosis. This dosage is especially helpful in winter or 
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when people are confined to nursing homes, where they rarely get 
enough sun exposure. Vitamin D not only seems to strengthen 
bones and reduce the risk of fractures, it also increases muscle 
strength and improves balance. Studies have shown that increased 

tabLe 8.1 diseases curreNtLy susPected 
of haViNg a reLatioNshiP to VitamiN d 
iNsufficieNcy

Skeletal diseases ●

Rickets ■

Osteomalacia ■

Osteoporosis ■

Cancer ●

Breast ■

Prostate ■

Colon ■

Bacterial Infections ●

Tuberculosis ■

Autoimmune diseases ●

Multiple Sclerosis ■

Diabetes (type 1 and type 2) ■

Other: irritable bowel syndrome, rheumatoid arthritis, lupus ■

Cardiovascular disease ●

High blood pressure ●

Atherosclerosis ■

Malabsorption disorders ●

Crohn’s disease ■

Celiac disease ■

Cystic fibrosis ■

Source: Coulston, Ann M. and Boushey, Carol J. (eds.). Nutrition in the Prevention 
and Treatment of Disease. Burlington, MA: Elsevier, 2008. Adapted from Chapter 
43, p. 823. 
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vitamin D intake is associated with better balance, walking, and 
standing up from a chair in people 65 years and older.

In people with type 2 diabetes, several studies have concluded 
that high levels of vitamin D reduce insulin resistance in the 
cells and increase the insulin produced by the pancreas. It has 
been shown to improve the symptoms of autoimmune diseases 
in which the immune system attacks body systems as if they are 
foreign invaders. In other studies, ample vitamin D levels have 
improved the symptoms of people with congestive heart failure 
and reduced the risk of heart disease and heart attacks. In one 
2009 study, researchers even discovered that ample vitamin D 
intake in pregnant women reduced the risk of asthma and aller-
gies in their infants in later childhood. 

VitamiN d aNd caNcer
Many studies suggest that vitamin D can prevent cancer. Inad-
equate vitamin D has been shown to increase the risk for colon 
cancer, and daily supplements of 1,000 IU are associated with a 
50% decrease in the incidence of colon cancer. In one four-year 
study of about 1,200 older women, half the women were given 
calcium supplements and half were given calcium and vitamin D 
supplements. Researchers wanted to see which group developed 
less osteoporosis, but they were startled to discover that after only 
one year, the women taking vitamin D had only 25% of the risk 
of developing cancer, compared with the other group. In another 
large study, women taking 1,000 IU of vitamin D every day 
decreased their risk of breast cancer by 50%.

No one is sure how much vitamin D is needed in supplements 
or fortified foods. Many scientists advocate getting vitamin D the 
natural way—through sunshine. Some even argue that the use 
of sunscreen is increasing the risk of cancer in the United States 
population. Writing in Nutrition in the Prevention and Treatment 
of Disease, nutrition professor Susan J. Whiting and her col-
leagues conclude, “Although sun exposure increases the risk of 
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developing skin cancer, it has the potential to reduce the risk of 
developing more severe forms of cancer.” 

Other scientists, however, argue for increased food fortifica-
tion and use of vitamin D3 supplements by almost everyone. Dr. 
Cedric Garland is one of the scientists of D Action and the lead 
investigator of a new five-year study to determine cancer rates in 
people with adequate vitamin D in their blood. He believes that 
vitamin D protects against cancer by damaging the ability of 
cancer cells to stick together and communicate with one another. 
This probably happens because vitamin D influences gene expres-
sion. In a study published in 2009 in the journal Annals of Epi-
demiology, Garland and his scientific team argue that everyone 
should take 2,000 IU of vitamin D3 year round. He explains that 
if everyone in the United States and Canada had adequate blood 
levels of vitamin D and calcium, 58,000 cases of breast cancer and 
49,000 cases of colon cancer would be prevented every year. Also, 
he says, fatalities in people who are already diagnosed with cancer 
would be cut in half. 

disease PreVeNtioN aNd 
PhytochemicaLs 
Vitamin D is not the only nutrient strongly linked to cancer 
prevention. Some researchers have estimated that 35% to 75% 
of all cancerous tumors are linked to less than optimal nutri-
tion. In addition, the known essential micronutrients and 
macronutrients may not be enough to support optimum health 
and prevent disease. Scientists have discovered that non-nutri-
ent chemicals in foods play a large role in maintaining body 
functions.

Phytochemicals are chemicals in plant foods that may be 
important for health, but are not recognized as essential nutrients. 
A single fruit or vegetable may have hundreds of phytochemicals. 
Plants produce phytochemicals to protect themselves, and emerg-
ing science suggests that these chemicals can protect health and 
prevent disease in humans, too. More than 1,000 phytochemicals 
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have been isolated and identified, and there are likely thousands 
more. Some seem to have antioxidant effects. Some seem to be 
antibacterial. Others act as hormones or affect enzyme function-
ing. Some may change DNA instructions in cancer cells. Others 
may bind to the walls of cells, strengthening them and protecting 
them from damage. 

figure 8.2 Phytochemicals are found in plant foods and are not 
recognized as essential nutrients, but scientists are discovering that 
in addition to being beneficial to plants, they may protect health and 
prevent disease in humans, too. 
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Researchers are still identifying phytochemicals and working 
to understand their roles in human health. Some major classes 
already discovered are flavonoids, carotenoids, and isoflavones. 
Genistein, a plant estrogen, is an isoflavone. It is similar to the 
estrogen hormone in people. Drs. Jirtle and Waterland joined a 
research team that used genistein in a 2006 agouti mice experi-
ment and discovered that it, too, could change the coat color 
of baby mice and reduce their risk of obesity when it was fed 
to mothers during pregnancy.  Scientists are still researching 
whether genistein might protect people from certain diseases and 
whether high amounts are good or bad for humans. Few foods, 
except soy, provide high levels of genistein.

caroteNoids 
Carotenoids make the orange, yellow, and red colors in plants 
such as carrots, tomatoes, and pumpkins. In plants, these chemi-
cals have antioxidant effects, and they could act as antioxidants 
in humans as well. The body converts a carotenoid called beta-
carotene into vitamin A. Some studies suggest that supplements 
of beta-carotene improve immune system functioning, but this 
may be because vitamin A is important for the immune system. 
Beta-carotene also can prevent vitamin A deficiency. Other stud-
ies, however, have found that beta-carotene supplements might 
increase the risk of lung cancer in smokers and former smokers. 
For now, scientists say that not enough is known about beta-
carotene’s action to recommend supplements.

Lycopene, the carotenoid found in tomatoes, seems to be of 
value in cancer prevention. Several studies conclude that diets 
rich in tomatoes, especially concentrated as sauce or paste, 
reduce the risk of prostate cancer in men. Lutein, a carotenoid in 
green, leafy vegetables, may protect against eye diseases, such as 
cataracts and macular degeneration (a cause of blindness in the 
elderly). Lutein is found in the retina of the eye, where it absorbs 
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blue light. It may prevent eye damage caused by light exposure. 
In four studies, researchers found that people who ate diets rich 
in spinach, kale, and broccoli were less likely to develop cata-
racts than other people. However, the researchers were not sure 
if this result was due to the lutein or to other factors. Studies 
about the value of lutein and other carotenoids in preventing 
disease are ongoing.

fLaVoNoids
Flavonoids are phytochemicals found in tea, red wine, fruits, veg-
etables, beans, and peas. Scientists believe they may be important 
as antioxidants, to help cells signal one another, and for gene 
expression. Cell signaling may be particularly important with 
cancer cells. Flavonoids may help to prevent cancer cells from 
multiplying and aid the signals that lead to cell death (apoptosis).

broccoLi sProuts

At The Johns Hopkins University, a team of researchers found evidence 
that broccoli sprouts might help to prevent stomach cancer. A phy-
tochemical in broccoli sprouts, sulforaphane, acts as an antibiotic. 
Helicobacter pylori bacteria cause infections in the stomach that can lead 
to stomach cancer. Researchers treated 48 Japanese men and women 
who were infected with H. pylori. Half were given 2.5 ounces (70 grams) 
of broccoli sprouts daily for eight weeks; the other half ate the same 
amount of alfalfa sprouts. At the end of the experiment, the people 
eating alfalfa sprouts had the same levels of H. pylori infection as they 
did at the beginning of the test. Those who ate broccoli sprouts showed 
a significant decrease in levels of H. pylori bacteria and inflammation in 
their stomachs. 
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Scientists have found that diets rich in flavonoids can reduce 
cancer risk in animals. So far, human studies are contradictory. 
Two European studies found a reduced risk of lung cancer in 
people who ate flavonoid-rich diets. An American study showed 
a reduced risk of rectal cancer in women who drank flavonoid-
rich tea. However, other studies in humans have not found the 
same results. Although scientists continue to research the con-
nection between flavonoids and cancer, the work is difficult 
because flavonoid-rich foods are also rich in other nutrients and 
phytochemicals. 

The same problem exists when researchers study the influence 
of flavonoids on heart disease. Results from some studies suggest 
protective effects, but no one is sure which nutrients are respon-
sible. Scientists also do not know whether flavonoid supplements 
would have the same effects as eating flavonoid-rich foods.

figuriNg out the beNefits  
of PhytochemicaLs
Even in the laboratory, understanding phytochemicals and how 
they prevent disease is complex. For example, apples, especially 
in their skins, are particularly rich in flavonoids and phenolics. 
Several studies have linked apple consumption to reduced risks 
of diseases, including cancer, asthma, diabetes, and heart disease. 
In lab petri dishes, apple skin phytochemicals inhibit the growth 
of liver cancer cells and colon cancer cells. In lab rats, the phy-
tochemicals lower harmful cholesterol levels and lipids in their 
blood. They have been shown to protect against cholera, an infec-
tious disease, but only in lab petri dishes.

Apple phytochemicals seem to have both antioxidant and 
anticancer actions, and these effects are not linked to the vita-
mins or fiber in the apples. However, complicating the picture 
is that varieties of apples have different levels of phytochemicals. 
For example, a Rome Beauty or Red Delicious has many more fla-
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vonoids and phenolics than a Cortland or Empire. Apples grown 
in partial shade have fewer phytochemicals than those exposed to 
full sun. Apple juice has only 10% of the antioxidant phytochemi-
cals that fresh apples have. 

Most nutrition scientists feel certain that phytochemicals 
are critical to the prevention of many diseases, but much more 
research is necessary before these chemicals are fully understood. 
Experts may feel confident about telling everyone to eat plenty of 
fruits and vegetables, or to be sure to eat the apple skin and the 
thin white membrane on an orange (both are particularly rich in 
phytochemicals). However, they cannot yet recommend supple-
mental doses or identify the phytochemicals associated with 
preventing a specific disease. As with essential nutrients, teasing 
apart the complex relationship between phytochemicals and dis-
ease is a continually evolving process. 

reView
Modern research is working out the complex relationship between 
nutrients and disease at a rapid pace, but how and why nutrition 
reduces the risk of disease is still an emerging science. Although 
much remains to be learned, nutritionists and medical profes-
sionals are already beginning to make nutritional recommen-
dations based on the latest scientific studies. Some of the most 
exciting, substantial evidence of nutritionally based disease pre-
vention involves vitamin D. Active vitamin D is manufactured 
by the body from sun exposure and UVB radiation, but scientists 
have determined that most people are deficient in this vitamin. 
Thousands of studies demonstrate an increased risk of disease in 
people with low levels of vitamin D in their blood. Most vitamin 
D scientists now recommend supplements for almost everyone. 
Another area of emerging nutritional research involves phy-
tochemicals: chemicals in plants that are not essential to human 
life, but apparently critical to the prevention of disease. Many 

HE Disease Prevention 3rd pass.indd   139 5/12/10   9:28:29 AM



NutritioN aNd disease PreveNtioN140

studies suggest that phytochemical-rich diets decrease the risk 
of cancer, heart disease, and other chronic diseases. Reliable 
evidence that specific phytochemicals protect against particular 
diseases is not yet available. Research is ongoing.
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9
makiNg 

NutritioN decisioNs 

The science of nutrition turns out to be so complex that it can 
seem impossible to determine the best diet to prevent disease. 

New studies touting the importance of this or that nutrient seem 
to be reported almost daily in the media. Self-styled experts advo-
cate diff erent, sometimes extreme, approaches to nutrition and 
diet, perhaps in books or on the Internet. Making intelligent food 
choices means not only appreciating the relationship between 
nutrition and health, but also interpreting and analyzing the fl ow 
of information. While many new discoveries no doubt lie in the 
future, the evidence for the role of nutrition in preventing disease 
is substantial and strong. Th e building blocks of a healthy diet 
are well established. Ultimately, each individual is responsible for 
recognizing the essential role that nutrition plays in protecting 
lifelong health and deciding to care about the nutrients his or her 
body needs. 
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Varied aNd NaturaL 
The American Dietetic Association (ADA) has good reason 
to recommend a widely varied diet. In ADA’s Complete Food 
and Nutrition Guide, registered dietician Roberta Larson Duyff 
writes, “Why variety? Different food groups—and the nutrients 
and other substances their foods provide—help keep you healthy 
in different ways. No one nutrient, food, or food group has all 
you need, and none works alone.” If recent nutritional research 
has demonstrated anything, it has demonstrated the proof of 
that assertion. As with apples, natural foods contain hundreds 
of protective, healthy substances that science is just beginning 
to explore. Some of these substances are well defined. Some are 
newly discovered and not completely understood. Many are still 
unknown. Eat the apple, however, and you get all the benefits, 
whether science understands them yet or not.

People probably need to eat diets similar to those of their 
ancestors to protect against cancer, heart disease, diabetes, and 
obesity. Civilization may have evolved, but our bodies have not 
changed since our hunter-gatherer days. We evolved to function 
optimally on a varied, flexible diet, and our bodies have come to 
depend upon the complex interaction of the chemical substances 
from natural foods. This means lean meats and other proteins, 
fruits, vegetables, nuts, seeds, and whole grains. Because we are 
not as active as our ancestors and do not face periodic starva-
tion, we need to limit the fat in our diets and avoid “feasting” on 
high-calorie foods. Illnesses that plague modern humans may be 
prevented, in large part, by rejecting unnatural diets and choos-
ing those that sustain health.

fuNctioNaL foods
Natural fruits and vegetables are available in abundance, but few 
modern people have access to (or a desire for) wild roots and 
plants, mammoth haunches, or snails and grubs from the forest. 
Instead, we have fortified, enriched, or enhanced foods. This helps 
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us to maintain a varied diet, along with the natural foods we con-
sume. The ADA defines functional foods as whole foods and for-
tified foods that provide health benefits that may reduce disease 
risk. In 2009, the ADA released a position statement advocating 
functional foods when the benefits are scientifically substanti-
ated. Examples of whole foods that decrease the risk of disease 
are broccoli, tomatoes, and nuts. Examples of enhanced foods are 
orange juice with added calcium, lutein-enriched eggs, and breads 
fortified with folic acid. As nutritional science progresses, more 
fortified foods are likely to become available, but the ADA warns 
that these foods alone cannot support health. A varied diet still 
is necessary.

myPyramiD 
To help people choose a varied diet, the United States Department 
of Agriculture (USDA) developed MyPyramid, an interactive 
nutrition tool that describes the food groups and recommended 
proportions of foods needed for a healthy diet. The six food groups 
are grains, vegetables, fruits, oils, milk, and meat and beans. The 
six bands of the pyramid represent the varying recommended 
portions; there is a small band for oils and a large one for grains. 
Within each band, many food options are suggested. Vegetarians 
and vegans, for instance, can follow the MyPyramid recommen-
dations by substituting other calcium sources for the milk group 
and other complete proteins in the meat and beans group. The 
MyPyramid plan even provides for “discretionary calories,” to 
allow for some junk foods or sweet desserts. (See the Appendices 
for the MyPyramid chart.)

Almost everyone wants to eat for health and to prevent dis-
ease, but changing diet habits can be difficult. To people who 
have eaten white bread all their lives, whole-wheat bread may 
taste strange at first. Fast foods are cheap, filling, and tasty. Sugar 
cravings are better satisfied with a candy bar than with an apple. 
Microwavable, pre-made, high-fat sandwiches are easier to pre-
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pare than a balanced dinner of baked chicken, sweet potato, and 
spinach. Many people just are not used to natural, healthy foods 
and often do not like them. 

LearNiNg New food habits
Limited diets lead to ill health. Diets deficient in any area 
described by MyPyramid are limited diets, no matter how many 
calories are consumed. Improving food habits is probably done 
best one step at a time, as Dr. Stice advocates with his Healthy 
Weight program to prevent obesity. In a document written for this 
program, Stice and his team outline four principles to help people 
improve dietary intake. The first principle is substitution. This 
means choosing healthier alternatives: mustard over mayonnaise, 
frozen yogurt instead of ice cream, pretzels rather than potato 
chips, fruit in place of candy. The program encourages individual 
decisions, so leaders ask each participant to identify one food 
they eat that they believe is the worst for them. Then, each person 
thinks of a healthy substitute. Each makes a commitment to sub-
stituting for the unhealthy food as often as possible. Eventually, 
explains Stice, the cravings for the unhealthy food fade and the 
healthy food is enjoyed. 

Stice’s second principle is start your meal right.  Begin a meal 
with fruits, vegetables, soups, or salad. People who do this become 
full faster and are less likely to overeat unhealthy foods. The third 
principle is smaller portion sizes. This is especially helpful for 
people who are overweight or who eat too many high-fat foods. 
Everyone craves high-fat foods sometimes. The trick is not to feel 
deprived, but to limit yourself. For example, program leaders 
suggest eating ice cream out of a coffee cup (not a mug!) instead 
of a bowl, or never “super-sizing” a fast-food meal. Included in 
this principle is the recommendation to eat a meal of less variety. 
At first glance, this recommendation appears contradictory to 
healthful eating, but it is not. This principle means cutting out the 
least healthy parts of a meal. For instance, it means having either 
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figure 9.1 In his popular 2004 documentary Super Size 
Me, director Morgan Spurlock discovered firsthand the 
consequences of a fast food diet by eating nothing but 
McDonald’s for an entire month—and watching his health 
decline.
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bread or potatoes, not both, at a single meal. Stice warns that it is 
best to NOT cut out vegetables or fruits.  

The fourth and last principle is a healthier food environment. 
This means filling the kitchen and pantry with healthy foods, 
and not having unhealthy foods available. He also recommends 
avoiding environments with vending machines or snack shops. 
For example, a person may have to choose a different route home 
from school to avoid the doughnut shop. Another person might 
leave home with no money, so he or she cannot buy snacks.

Step by step, people following Stice’s program learn to enjoy 
a healthy diet as a permanent lifestyle. Motivation comes from 
exercises, such as making a list of the top 10 reasons for changing 
food habits, or keeping a food record for a few days. The program 
also recommends that people continually try new healthy foods, 
note and appreciate successes, and reward themselves for eating 
healthier with a fun activity. The program recognizes that the 
path to a healthy diet is not always smooth. Stice says, “Stay com-
mitted to a healthy lifestyle and realize that sometimes you will 
slip—but the important thing is to view these slips as opportuni-
ties to learn how to not slip next time. If you view it as a lifelong 
process, you can see that one slip-up is not complete failure.”

to suPPLemeNt or Not  
to suPPLemeNt?
Some experts recommend supplements for people who do not 
get complete, balanced nutrition from their diets. Dyuff, for 
example, suggests that anyone unable or unwilling to eat a 
healthy diet may need a good multivitamin and mineral supple-
ment. However, no one should depend upon supplements to ful-
fill all of their nutritional needs. Dyuff explains in the Complete 
Food and Nutrition Guide, “Only food can provide the mixture 
of vitamins, minerals, phytonutrients, and other substances for 
health—qualities that can’t be duplicated with dietary supple-
ments alone.”
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Choosing a healthy, varied diet over supplements is standard 
mainstream nutritional advice, but some experts disagree. For 
example, Dr. Michael F. Roizen and Dr. Mehmet C. Oz, in their 
book You: The Owner’s Manual, recommend a daily multivita-
min and mineral supplement for everyone, no matter his or her 
diet. Some experts recommend supplements of folic acid for all 
women of childbearing age. This is because by the time a woman 
knows she is pregnant, it may be too late to correct any folic acid 
insufficiency that may cause neural tube defects in the developing 
fetus. The Linus Pauling Institute at Oregon State University rec-
ommends a daily multivitamin and mineral supplement, as well 
as a vitamin D supplement (2,000 IU), a vitamin E supplement 
(200 IU), and a calcium supplement when foods do not supply at 

figure 9.2 Some nutrition experts recommend that people who 
do not get complete and balanced nutrition from their diet may take 
supplements. Generally, though, most experts note that supplements 
are not replacements for a healthy, varied diet.
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least 1,000 mg of calcium. In some cases, the Institute also recom-
mends extra vitamin C. At the same time, the Institute lists food 
recommendations that include a minimum of two cups each of 
fruits and vegetables daily, fish twice a week, nuts, seeds, olive oil, 
and the replacement of “white foods” such as bread and potatoes 
with whole grains. In general, most nutritional experts note that 
supplements are not replacements for a healthy, varied diet. 

suPer foods
Instead of adding pills to the diet, some nutrition experts sug-
gest supplementing your diet with “super foods” as the way to 
ensure good health. In an article for WebMD, public health expert 
Kathleen M. Zelman lists 10 foods with multiple disease-fighting 
nutrients. They provide the nutrients that Zelman and other 

Probiotics 

Probiotics are live microorganisms—usually bacteria—that have benefi-
cial effects in the human body. Some people depend upon probiotic 
foods or supplements to maintain nutritional health and prevent dis-
eases. Beneficial bacteria exist by the millions in the human digestive 
system. They help to protect against harmful bacteria, strengthen the 
immune system, and help to absorb and digest nutrients. These so-
called “friendly” bacteria can be killed when people take antibiotics 
or when an infection from invading bacteria overwhelms them. The 
friendly bacteria can be replaced with probiotic foods, such as yogurt, 
fermented milk, tempeh, miso, and some soy drinks. Yeast is a source of 
probiotic microorganisms, too. Scientists say that probiotic foods may 
help treat diarrhea, urinary tract infections, yeast infections, and child-
hood eczema (a skin condition). Research is ongoing about whether 
probiotics can help decrease the risk of bladder cancer or whether 
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nutritionists say are often missing in the average American diet. 
The 10 foods are yogurt, eggs, nuts, kiwi fruit, quinoa (a whole 
grain), beans, salmon, broccoli, sweet potatoes, and berries. These 
foods provide the macronutrients, micronutrients, antioxidants, 
and phytochemicals that may best prevent disease.

People have different ideas about super foods. Dr. Nicholas 
Perricone, a dermatologist and nutrition writer, has his own 
list. His includes wild salmon, allium (onions, garlic, leeks, 
and chives), oatmeal, blueberries, ginger root, virgin olive oil, 
nuts and seeds, brightly colored fruits and vegetables, sprouts, 
and yogurt. Other nutrition advisors list super foods that are 
specific to heart health, losing weight, anti-aging, improving 
brain power, fighting cancer, building muscles, and even getting 
a good night’s sleep. For example, Oprah Winfrey recommends 
the acai berry from Brazil as her top super food. Doctors Per-

they can prevent harmful bacteria from getting through mucous mem-
branes and attacking the body. Scientists are wary about some probi-
otic health claims, however. The claims made by some manufacturers 
of probiotic supplements have not been scientifically tested. Few scien-
tific studies provide evidence that these supplements improve overall 
health or that the bacteria themselves even remain alive and healthy 
in capsules or pills. In some cases, products advertised as rich in pro-
biotics actually contain little to none. In others, the microorganisms 
are not the same as the ones needed by human bodies. In addition, 
no studies have proved that probiotics can “cleanse” or “detoxify” the 
body. While probiotics are, by definition, not harmful, people may have 
allergic reactions to the supplements. The long-term effects of taking 
the supplements also are unknown. In general, scientists recommend 
getting probiotics from foods. 
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ricone and Oz believe that the acai berry can improve energy, 
fight aging, normalize digestion, remove toxins from the body, 
and prevent disease.

Extracts of acai berry have been sold by some companies as 
diet pills and weight-loss supplements. However, scientists and 
researchers question these claims. Acai berries are rich in anti-
oxidants and phytochemicals, but few scientific studies have been 
done on the berry’s effects in the body. A small study published 
in 2008 showed that the antioxidants in acai berries could be 
absorbed and metabolized by people, but it is still unknown if 
there are disease-prevention benefits or what quantity is ideal. 
The Center for Science in the Public Interest, a scientific advo-
cacy organization, says there is no evidence that acai berries have 
weight-loss properties. Acai berries are at least as healthy as other 
berries, perhaps moreso, but they are not a magic food.

make choices based oN scieNce,  
Not hyPe
Some nutritional recommendations are backed by science, but 
many are not. Although it is always a good idea to eat a varied diet 
that is rich in nutrients and phytochemicals, no one food or short 
list of foods can perform health miracles. It can be hard to know 
which advice to follow. In addition, while no natural food can do 
any harm (assuming the person is not allergic or sensitive to it), 
some herbal concoctions and supplements that are touted as super 
foods or miracle cures can be toxic. The ADA recommends that 
everyone learn the difference between science-based nutrition 
information and preliminary studies or outright misinformation. 
According to the ADA, the media often exaggerate the meaning 
of single scientific studies. Also, says the ADA, unscrupulous 
individuals may engage in food “quackery” for financial gain. The 
ADA Web site, EatRight.org, lists six ways to be a smart consumer 
of nutrition information. People can:
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Question the qualifications of authors, presenters, and  ●

other nutrition advocates, as well as the evidence for any 
claims or advice.
Take steps to evaluate nutrition reports or promotions  ●

before they become victims of the ploys, by becoming 
more aware of the many ways misinformation, food 
fraud, and quackery are conveyed.
Think critically about food and nutrition messages used  ●

to promote the sale of products or services.
Ask a qualified nutrition expert for help in evaluating a  ●

statement, product, or service.
Inquire at the medical or nutrition department of a  ●

nearby university or college, or at the food and nutrition 
department of a local hospital/medical center, to obtain 
current and accurate information and to find nutrition 
services for the public.
Check with the American Dietetic Association if they  ●

have questions or concerns.

eVaLuate eVideNce carefuLLy
One of the best ways to evaluate nutritional information is to 
ask whether it is based on scientific evidence. Testimonials from 
people who say their diseases were cured by a specific nutrient or 
supplement are not good evidence that a claim is real. Anecdotes, 
or stories, of people who were healed by certain foods are not 
scientific, either. This kind of reporting omits all the people who 
were not helped by the nutrients. The sample size, or number of 
people who tried this cure, is almost always very small. Even a 
few hundred reports may not reflect what would happen for most 
people.

 Nutritional claims for disease prevention are not supported 
by correlation. This means that just because two things occur 
together does not prove that one caused the other. For example, 

HE Disease Prevention 3rd pass.indd   151 5/12/10   9:28:37 AM



NutritioN aNd disease PreveNtioN152

scientists know that obesity and type 2 diabetes often occur 
together, but they are still not certain that obesity causes dia-
betes, although it is known to be a risk factor. Perhaps, in some 
people, the same genes that cause obesity also cause diabetes. Or 
perhaps a third factor—such as stress or a low birth weight—is 
the underlying cause of both. Or perhaps certain foods that cause 
diabetes also cause obesity. Correlation does not prove causation, 
and that is why scientists are so careful about making claims for 
different phytochemicals or antioxidants for disease prevention. 
When hundreds of phytochemicals exists in the same food, it 
takes careful experimentation to identify the substances that are 
meaningful. 

A single study or experiment may be interesting, but it can-
not be used to make nutrition decisions. Other scientists have to 
evaluate the study and repeat it to see if they get the same results. 

heaLthy aNd harmfuL herbaLs 

Herbs are plants that are usually not eaten as foods, but are considered 
valuable for their flavors, scents, or nutritional or medicinal proper-
ties. The effectiveness of herbal supplements for maintaining health 
and preventing disease may or may not be backed by scientific evi-
dence. And some herbal supplements can be dangerous. Echinacea, 
for example, is a flowering plant. Some scientific studies support the 
claim that it can prevent and treat the common cold, while others 
do not show a benefit. Several studies provide evidence that green 
tea extracts act as antioxidants and may reduce cancer risk. Use of 
other herbal supplements is supported by some preliminary scientific 
evidence, although more research is needed. These include ginger 
for nausea, garlic to improve immune system functioning and reduce 
cholesterol and high blood pressure, and St. John’s wort to ease symp-
toms of depression.
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What happens in a laboratory petri dish may not happen in a 
group of laboratory rats, and what cures rats may not help people. 
Until results have been confirmed many times and under many 
conditions, the importance of a nutrient dosage is not known for 
sure. Nutrition professionals suggest using caution and intelli-
gence when evaluating any claims about nutrients and the preven-
tion of disease. Despite the rapid pace of nutritional investigation, 
confirmation comes slowly because no reputable researchers want 
to draw premature conclusions or offer inaccurate advice.

When it comes to human nutrition and the prevention of dis-
ease, many complex interactions are involved. Scientists have few 
quick fixes. They do know, however, that nutrition is critical to the 
prevention of many more diseases than people suspected in the 
past. They look forward to a future when nutritional intervention 
is a key part of the treatment plans and cures for many diseases. 

 Scientific studies find no value to claims that ginseng can control 
diabetes, improve exercise ability, or improve sexual performance. Stud-
ies also do not support that ginkgo biloba prevents altitude sickness. 
Ma huang (ephedra) has been shown to be dangerous and banned as 
a supplement in the United States. It has been associated with strokes, 
heart attacks, and deaths. Another dangerous herbal supplement is 
called Yohimbine. This substance is said to increase muscle mass and 
help with weight loss. However, it can seriously affect heart rhythms 
and blood pressure.

 Herbal supplements may be “natural,” but that does not mean they 
are harmless. About 30% of modern drugs are made from plants, and 
any drug has the potential to be both powerful and toxic, especially in 
large amounts. The toxic effects of many herbal substances have not 
yet been determined. 
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Until that day comes, we can all choose to eat the most varied, 
natural diets possible, so as to give ourselves the best chance to get 
all the nutrients we may need to live long and healthy lives.      

reView  
Choosing the best diet to prevent disease can seem difficult, but 
the general principles for healthy eating are well established. 
The American Dietetic Association explains that a varied diet, 
dependent upon no one food or food group, is best. Fortified or 
enhanced foods can be part of a healthy, varied diet, along with 
whole, natural foods. Following the USDA’s MyPyramid is likely 
to optimize nutritional intake, but developing new food habits 
and retraining likes and dislikes may be necessary. Some authori-
ties recommend vitamin and mineral supplements to ensure an 
adequate nutrient intake. Others recommend “super foods” along 
with or instead of supplements. However, no super food, not even 
the richest in nutrients, is a miracle food or a magic cure. People 
need to evaluate nutritional claims and assure themselves that 
these claims are based upon sound science. Much more remains 
to be learned about the connection between nutrition and disease 
prevention, but people can use current knowledge to give them-
selves the best chance for long, healthy life.  
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aPPeNdix a

dietary refereNce iNtakes 

accePtabLe macroNutrieNt distributioN 
raNges (amdr) for heaLthy diets 

as a PerceNtage of eNergy

age carbohydrates added 

sugars

total fat Linoleic 

acid

α-Linolenic 

acid

Protein

1–3 years 

old

45–65 25 30–40 5–10 0.6–1.2 5–20

4–18 years 

old

45–65 25 25–35 5–10 0.6–1.2 10–30

≥ 19 years 

old

45–65 25 20–35 5–10 0.6–1.2 10–35

Source: Institute of Medicine, Food and Nutrition Board. “Dietary Reference Intakes for Energy, Car-
bohydrates, Fiber, Fat, Protein, and Amino Acids.” Washington, D.C.: National Academies Press, 
2002.
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recommeNded iNtakes of  
VitamiNs for Various age grouPs

Life stage Vit a
(μg/day)

Vit c
(mg/day)

Vit d
(μg/day)

Vit e
(mg/day)

Vit k
(mg/day)

Infants

0–6 mo 400 40 5 4 2.0

7–12 mo 500 50 5 5 2.5

Children

1–3 yrs 300 15 5 6 30

4–8 yrs 400 25 5 7 55

Males

9–13 yrs 600 45 5 11 60

14–18 yrs 900 75 5 15 75

19–30 yrs 900 90 5 15 120

31–50 yrs 900 90 5 15 120

51–70 yrs 900 90 10 15 120

70 yrs 900 90 15 15 120

Females

9–13 yrs 600 45 5 11 60

14–18 yrs 700 65 5 15 75

19–30 yrs 700 75 5 15 90

31–50 yrs 700 75 5 15 90

51–70 yrs 700 75 10 15 90

70 yrs 700 75 15 15 90

Pregnancy

18 yrs 750 80 5 15 75

19–30 yrs 770 85 5 15 90

31–50 yrs 770 85 5 15 90

Lactation

18 yrs 1,200 115 5 19 75

19–30 yrs 1,300 120 5 19 90

31–50 yrs 1,300 120 5 19 90
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recommeNded iNtakes of  
VitamiNs for Various age grouPs

Life stage thiamin
(mg/day)

riboflavin
(mg/day)

Niacin
(mg/day)

Vit b6
(mg/day)

folate
(μg/day)

Infants

0–6 mo 0.2 0.3 2 0.1 65

7–12 mo 0.3 0.4 4 0.3 80 

Children

1–3 yrs 0.5 0.5 6 0.5 150

4–8 yrs 0.6 0.6 8 0.6 200

Males

9–13 yrs 0.9 0.9 12 1.0 300

14–18 yrs 1.2 1.3 16 1.3 400

19–30 yrs 1.2 1.3 16 1.3 400

31–50 yrs 1.2 1.3 16 1.3 400

51–70 yrs 1.2 1.3 16 1.7 400

70 yrs 1.2 1.3 16 1.7 400

Females

9–13 yrs 0.9 0.9 12 1.0 300

14–18 yrs 1.0 1.0 14 1.2 400

19–30 yrs 1.1 1.1 14 1.3 400

31–50 yrs 1.1 1.1 14 1.3 400

51–70 yrs 1.1 1.1 14 1.5 400

70 yrs 1.1 1.1 14 1.5 400

Pregnancy

18 yrs 1.4 1.4 18 1.9 600

19–30 yrs 1.4 1.4 18 1.9 600

31–50 yrs 1.4 1.4 18 1.9 600

Lactation

18 yrs 1.4 1.6 17 2.0 500

19–30 yrs 1.4 1.6 17 2.0 500

31–50 yrs 1.4 1.6 17 2.0 500

(continues)
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recommenDeD inTakes of  
ViTamins for Various age grouPs (continued)

life stage Vit b12
(μg/day)

Pantothenic acid  
(mg/day)

biotin group
(μg/day)

choline*
(mg/day)

Infants

0–6 mo 0.4 1.7 5 125 

7–12 mo 0.5 1.8 6 150 

Children

1–3 yrs 0.9 2 8 200 

4–8 yrs 1.2 3 12 250 

Males

9–13 yrs 1.8 4 20 375 

14–18 yrs 2.4 5 25 550 

19–30 yrs 2.4 5 30 550 

31–50 yrs 2.4 5 30 550 

51–70 yrs 2.4 5 30 550 

70 yrs 2.4  5 30 550 

Females

9–13 yrs 1.8 4 20 375 

14–18 yrs 2.4 5 25 400 

19–30 yrs 2.4 5 30 425 

31–50 yrs 2.4 5 30 425 

51–70 yrs 2.4  5 30 425 

70 yrs 2.4  5 30 425 

Pregnancy

18 yrs 2.6 6 30 450 

19–30 yrs 2.6 6 30 450 

31–50 yrs 2.6 6 30 450 

Lactation

18 yrs 2.8 7 35 550 

19–30 yrs 2.8 7 35 550 

31–50 yrs 2.8 7 35 550 

Note: This table presents Recommended Dietary Allowances (RDAs) in bold type and Adequate Intakes 
(AIs) in ordinary type. 

* Not yet classified as a vitamin

Source: Adapted from Dietary Reference Intake Tables: The Complete Set. Institute of Medicine, 
National Academy of Sciences. Available online at www.nap.edu.
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recommeNded iNtakes of seLected miNeraLs 
for Various age grouPs

calcium 
(mg/day)

chromium 
(μg/day)

copper 
(μg/day)

fluroide 
(mg/day)

iodine 
(μg/day)

Infants

0–6 mo 210 0.2 200 0.01 110 

7–12 mo 270 5.5 220 0.5 130 

Children

1–3 yrs 500 11 340 0.7 90

4–8 yrs 800 15 440 1 90

Males

9–13 yrs 1,300 25 700 2 120

14–18 yrs 1,300 35 890 3 150

19–30 yrs 1,000 35 900 4 150

31–50 yrs 1,000 35 900 4 150

51–70 yrs 1,200 30 900 4 150

70 yrs 1,200 30 900 4 150

Females

9–13 yrs 1,300 21 700 2 120

14–18 yrs 1,300 24 890 3 150

19–30 yrs 1,000 25 900 3 150

31–50 yrs 1,000 25 900 3 150

51–70 yrs 1,200 20 900 3 150

70 yrs 1,200 20 900 3 150

Pregnancy

18 yrs 1,300 29 1,000 3 220

19–30 yrs 1,000 30 1,000 3 220

31–50 yrs 1,000 30 1,000 3 220

Lactation

18 yrs 1,300 44 1,300 3 290

19–30 yrs 1,000 45 1,300 3 290

31–50 yrs 1,000 45 1,300 3 290

(continues)
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recommeNded iNtakes of seLected  
miNeraLs for Various age grouPs (continued)

iron  
(mg/day)

magnesium 
(mg/day)

Phosphorus 
(mg/day)

selenium 
(μg/day)

Infants

0–6 mo 0.27 30 100 15 

7–12 mo 11 75 275 20 

Children

1–3 yrs 7 80 460 20

4–8 yrs 10 130 500 30

Males

9–13 yrs 8 240 1,250 40

14–18 yrs 11 410 1,250 55

19–30 yrs 8 400 700 55

31–50 yrs 8 420 700 55

51–70 yrs 8 420 700 55

70 yrs 8 420 700 55

Females

9–13 yrs 8 240 1,250 40

14–18 yrs 15 360 1,250 55

19–30 yrs 18 310 700 55

31–50 yrs 18 320 700 55

51–70 yrs 8 320 700 55

70 yrs 8 320 700 55

Pregnancy

18 yrs 27 400 1,250 60

19–30 yrs 27 350 700 60

31–50 yrs 27 360 700 60

Lactation

18 yrs 10 360 1,250 70

19–30 yrs 9 310 700 70

31–50 yrs 9 320 700 70
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recommeNded iNtakes of seLected  
miNeraLs for Various age grouPs

zinc  
(mg/day)

sodium 
(g/day)

chloride 
(g/day)

Potassium 
(g/day)

Infants

0–6 mo 2 0.12 0.18 0.4 

7–12 mo 3 0.37 0.57 0.7 

Children

1–3 yrs 3 1.0 1.5 3.0 

4–8 yrs 5 1.2 1.9 3.8 

Males

9–13 yrs 8 1.5 2.3 4.5 

14–18 yrs 11 1.5 2.3 4.7 

19–30 yrs 11 1.5 2.3 4.7 

31–50 yrs 11 1.5 2.3 4.7 

51–70 yrs 11 1.3 2.0 4.7 

70 yrs 11 1.2 1.8 4.7 

Females

9–13 yrs 8 1.5 2.3 4.5 

14–18 yrs 9 1.5 2.3 4.7 

19–30 yrs 8 1.5 2.3 4.7 

31–50 yrs 8 1.5 2.3 4.7 

51–70 yrs 8 1.3 2.0 4.7 

70 yrs 8 1.2 1.8 4.7 

Pregnancy

18 yrs 13 1.5 2.3 4.7 

19–30 yrs 11 1.5 2.3 4.7 

31–50 yrs 11 1.5 2.3 4.7 

Lactation

18 yrs 14 1.5 2.3 5.1 

19–30 yrs 12 1.5 2.3 5.1 

31–50 yrs 12 1.5 2.3 5.1 

Note: This table presents Recommended Dietary Allowances (RDAs) in bold type and Adequate Intakes 
(AIs) in ordinary type. 

Source: Adapted from Dietary Reference Intake Tables: The Complete Set. Institute of Medicine, 
National Academy of Sciences. Available online at www.nap.edu.
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aPPeNdix b

heaLthy body weights 
body mass index (bmi)
Body mass index, or BMI, is the measurement of choice for 
determining health risks associated with body weight. BMI uses 
a mathematical formula that takes into account both a person’s 
height and weight. BMI equals a person’s weight in kilograms 
divided by height in meters squared (BMI=kg/m2). 

determining your body mass index (bmi)
To use the table on the following page, fi nd the appropriate height 
in the left -hand column. Move across the row to the given weight. 
Th e number at the top of the column is the BMI for that height 
and weight. Th en use the table above to determine how at risk you 
are for developing a weight-related disease.

risk of associated disease accordiNg 
to bmi aNd waist size for aduLts

bmi  waist less than 
or equal to 

40 in. (men) or
35 in. (women)

waist greater than 
40 in. (men) or 
35 in. (women)

18.5 or less Underweight -- N/A

18.5–24.9 Normal -- N/A

25.0–29.9 Overweight Increased High

30.0–34.9 Obese High Very High

35.0–39.9 Obese Very High Very High

40 or greater Extremely Obese Extremely High Extremely High
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bmi-for-age growth charts

4

2 2
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aPPenDiX c

blooD Values of 
nuTriTional releVance

Red blood cells

Men 4.6–6.2 million/mm3

Women 4.2–5.2 million/mm3

White blood cells 5,000–10,000/mm3

Calcium 9–11 mg/100 mL

Iron

Men 75–175 μg/100 mL

Women 65–165 μg/100 mL

Zinc 0.75–1.4 μg/mL

Potassium 3.5–5.0 mEq/L

Sodium 136–145 mEq/L

Vitamin A 20–80 μg/100 mL

Vitamin B12 200–800 pg/100 mL

Vitamin C 0.6–2.0 mg/100 mL

Folate 2–20 ng/mL

pH 7.35–7.45

Total protein 6.6–8.0 g/100 mL

Albumin 3.0–4.0 g/100 mL

Cholesterol less than 200 mg/100 mL

Glucose 60–100 mg/100 mL blood, 

70–120 mg/100 mL serum

Source: Handbook of Clinical Dietetics, American Dietetic Association (New Haven, 
Conn.: Yale University Press, 1981); and Committee on Dietetics of the Mayo Clinic, 
Mayo Clinic Diet Manual (Philadelphia: W. B. Saunders Company, 1981), pp. 
275–277.
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gLossarygLossary

allele Either of a pair of alternative forms of a gene

amino acids Th e building blocks of proteins; molecules of these 
chemical substances are joined together in chains of varying pro-
portions to form proteins.

anabolism Th e phase of metabolism in which simple substances 
are built into complex substances, such as living tissue.

antibody A specialized immune system protein produced in 
response to a foreign substance; antibodies are made by white 
blood cells and circulate in the bloodstream, where they act as 
the body’s army in order to detect and destroy invaders such as 
bacteria.

antioxidants Substances that prevent oxidation and the damage 
caused to cells by free radicals; vitamin C, vitamin E, vitamin A, 
and zinc are examples of nutrient antioxidants.

apoptosis Programmed cell death; it is a form of cellular suicide 
in the presence of suffi  cient cell damage.

autoimmune disease A disease in which the immune system 
mistakenly launches an attack against its own tissues as if it is a 
foreign invader

calories A measure of the energy released by food; calories in 
the diet are actually kilocalories—1,000 of the heat units required 
to raise the temperature of a gram of water in the laboratory by 
a specifi c amount. Calories in food are also called “nutritionist’s 
calories.”

catabolism Th e phase of metabolism in which complex sub-
stances are broken down into simple substances resulting in the 
release of energy

cholecalciferol Vitamin D3; the kind of vitamin D made by the 
body when sunlight is absorbed by the skin

correlated Occurring with, but not necessarily causal
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electrolytes The salts and minerals that conduct electrical impulses 
in the body, such as sodium chloride (table salt), potassium, and cal-
cium; they control the fluid balance in the body. Therefore, electro-
lyte balance is critical to normal body functioning.

enzymes Protein molecules that act as catalysts, aiding and speed-
ing chemical reactions and metabolism

ergocalciferol Vitamin D2; this form of vitamin D comes from 
plants and some fungi exposed to ultraviolet light, but does not 
occur naturally in the human body.

fat soluable Capable of being dissolved in fats and oils; fat solu-
able vitamins include vitamin A, vitamin D, and vitamin K.

fatty acids Molecules that form long chains in fats and oils in 
both plants and animals; essential fatty acids are substances pro-
duced by plants that cannot be made by the human body but are 
required for health. A polyunsaturated oil, such as safflower oil, is 
a good source of essential fatty acids. 

fortification The addition of nutrients to foods, such as adding 
folic acid to bread or vitamin D to milk; it is sometimes called 
enrichment or enhancement.

free radicals Byproducts of cell functioning in which unstable 
atoms are released when oxygen interacts with cell molecules; free 
radicals are the result of oxidation and can cause a chain reaction 
of cell damage.

gastrointestinal Relating to the stomach and intestines

gene expression The translation of information in a gene into 
the protein or signal for which it codes

genome All of the genetic information—the entire DNA 
sequence—of an organism

genotype An individual’s genetic makeup or specific combination 
of genes; genotype interacts with the environment to determine 
phenotype.

glucose A simple sugar that is the most important source of energy 
in the body and the main type of sugar in the blood; the body 
breaks down foods, especially carbohydrates, to produce glucose.
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hormones Chemical substances produced by one part of the body 
to control, signal, or regulate other parts; estrogen and insulin are 
examples of hormones.

immune system The system that protects the body from foreign 
invaders, such as harmful bacteria, fungi, and viruses; several 
kinds of white blood cells and protective barriers, such as mucous 
membranes are components of the immune system.

inborn error of metabolism (ieM) A genetic, inherited dis-
ease that results in a defect in a specific enzyme

Lipids Fats stored in the body as energy reserves or used as compo-
nents of cells; triglycerides and cholesterol are examples of lipids.

macronutrients Nutrients needed in large amounts, such as 
water, protein, carbohydrates, and fats

metabolism All the chemical processes involved in changing one 
substance (food, for example) into another so that it can be used 
by the body for survival, energy, maintenance, storage, growth, 
reproduction, and health

micronutrients Nutrients required in relatively small amounts 
for healthy body functioning; vitamins and most minerals are 
micronutrients.

Nutrient Any substance that can be metabolized for energy, 
growth or health

obese Having a BMI of 30 or greater (in an adult)

overweight Having a BMI between 25 and 29.9 (in an adult)

Phenotype All the observable characteristics of an organism; 
phenotype results from interactions between the genotype and the 
environment.

Phytochemicals Protective chemical compounds produced by 
plants that are not nutrients or recognized as essential for humans 
but seem to have health-protective qualities; they are also known 
as phytonutrients.

Protein energy malnutrition (PeM) A potentially fatal 
nutritional disorder in which there is a severe deficit in either 
energy (calories) or protein; the three main forms of PEM are mar-
asmus, kwashiorkor, and marasmic kwashiorkor.
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substrate The material upon which an enzyme acts

water-soluble Able to dissolve in water; water-soluble vitamins 
are easily absorbed by the body but not stored. The body uses 
what it needs and then excretes any excess in the urine. Examples 
include vitamin C and folic acid.

zygote The fertilized egg
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Works”
http://recipes.howstuffworks.com/how-nutrition-works.htm 
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nutrition and special diets
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