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FOREWORD

As an endocrinologist, I am very familiar with
the importance of the endocrine glands to
human functioning. These glands work continu-
ously to maintain the health of all individuals as we
move through each and every day of our lives. In
fact, when one or more of the endocrine glands
malfunction, the person’s entire system is often
thrown into disarray. For example, if a person
develops Hashimoto’s thyroiditis, an autoimmune
disorder that causes hypothyroidism, the person’s
once-normal thyroid levels will drop. He or she
may become lethargic and show a variety of symp-
toms. These range from annoying to severe and
affect many activities of daily living. Due to lethar-
gy, the patient’s physical activity level will usually
decrease. Thus the patient may gain weight, even
though he or she eats about the same amount of
food as they had before becoming hypothyroid.
The individual with hypothyroidism may also
appear apathetic and depressed, sometimes leading
the patient to seek treatment for these symptoms
rather than for the underlying cause.

There are many other examples of endocrine
diseases that manifest profound effects on those
who live with these illnesses, especially if their
endocrine disorder is not identitied and treated. For
example, diabetes mellitus has a major health
impact on millions of people. Sadly, many people
who have diabetes, and particularly Type 2 diabetes
which usually can be treated with oral medica-
tions, are undiagnosed and untreated. These peo-
ple risk suffering severe complications from their
long-term untreated illness.

Other, less common endocrine diseases and dis-
orders also have an impact. Some patients face can-
cer of their endocrine glands, such as cancer of the
pancreas, thyroid, ovaries, testes, and the other
organs that comprise the endocrine system. These
cancers are not as commonly diagnosed as are can-
cers of the lung, breast, prostate, or colon.
However, they are equally as devastating to those
who experience them.

Some people develop very rare diseases of the
endocrine system. One such disease, gigantism,
causes extremely tall height due to a malfunction
of the pituitary gland. Other individuals have
unusually short stature, or dwarfism, often due to
genetic mutations they have inherited from their
parents and sometimes from deficiencies of growth
hormone.

In this volume, we have attempted to cover the
gamut of endocrine diseases and disorders, ranging
from the more common diseases, such as thyroid
disease and diabetes, to the rarer medical problems.
Our goal is to provide readers with a broad
overview of the endocrine system, illustrating how
the endocrine glands function when they work
normally as well as describing what happens when
the endocrine glands malfunction and discussing
what can be done in the case of the latter.

We must also point out that although doctors
cannot cure all diseases and disorders, many ill-
nesses that were not treated years ago—because
the medical tools were not available at that time—
can now be treated by endocrinologists. For exam-
ple, if infertility is caused by an endocrine disorder,
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the problem can often be identified and treated,
enabling an anxious couple to become transformed
into happy parents.

If the illness is potentially fatal, such as cancer,
many treatments are available that can help
patients resolve their cancer or extend their life for
many years. We doctors still do not have all the
answers, of course, but we are learning more all
the time. Continuing research will enable us to dis-
cover much more about endocrine diseases and
disorders and how to treat them more effectively.

In the meantime, we also know that patients
can take many actions to increase the probability of
their good health. For example, eating a healthy
diet and exercising regularly will not only help
many patients avert the scourge of obesity but will
also significantly reduce their risk of developing
diseases such as diabetes or hypertension.

Such healthy habits are very important. Recent
studies have shown that the prevalence of both
obesity and severe obesity has greatly increased.
For example, a study reported in a 2003 issue of
Archives of Internal Medicine reported that the preva-
lence of people with a body mass index (BMI) of 40
or greater and who were about 100 pounds or
more overweight (and thus considered severely

obese) increased from one in 200 Americans in
1986 to one in 50 by the year 2000.

In addition, over the same time period, the
number of people who were obese (with a BMI of
30 or greater) increased from one in 10 to one in
five Americans—another dramatic change. Clearly,
obesity is a major problem in the United States. It
is also one that needs to be addressed by both
patients and their doctors.

Patients also bear other responsibilities in man-
aging their health. For example, they should have
annual checkups and should see their doctors more
frequently if they are ill. Doctors are not mind
readers. They need to see their patients regularly.

Doctors also need to be given complete and
accurate information by their patients. When
patients withhold information from their doctors,
such as facts about smoking habits, intake of alco-
hol, and use of alternative remedies, they may be
compromising their health.

In summary, when doctors and patients work
together in a healthy partnership, many endocrine
diseases and disorders, as well as many other med-
ical problems, can often be successfully resolved or
managed.

—William Petit Jr., M.D.
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INTRODUCTION

ndocrinology is the study of normal and abnor-

mal hormonal function. The endocrine glands
are vitally important organs that are necessary to
sustain all human functions as well as life itself.
The glands that comprise the endocrine system
affect the ability to become pregnant and success-
fully carry the pregnancy, the ability to breast-feed
an infant, and the ability of a child to grow and
develop normally, including sexual differentiation.
On a minute-to-minute and a day-by-day basis, the
endocrine system helps to regulate an individual’s
basic functions, such as heart rate, blood pressure,
cognitive processes, appetite, energy storage and
utilization levels, tissue growth and rejuvenation,
sleep, sexuality, bone health, fertility, overall body
metabolism, masculinity and femininity, and virtu-
ally every aspect of continued life.

The endocrine glands comprise an elegant and
complex system. This system is basically the brain
that orchestrates and monitors numerous vital
bodily functions through the release of a cascade of
hormones. These hormones send chemical mes-
sages to other parts of the body, enabling actions to
start or end as well as to speed up or slow down.

Some important hormones that are released
exert their primary effect on other hormones, and
they, in turn, either trigger or inhibit the release of
yet other hormones. For example, the hypothala-
mus releases growth hormone-releasing hormone,
which triggers the pituitary to release growth hor-
mone. The effects of growth hormone are mediated
throughout the body by insulin-like growth factor 1
(IGF-1). The hypothalamus can also release a com-
pound that inhibits the release of prolactin.

Xi

By using sophisticated and complex feedback
loop systems that are somewhat comparable to the
sensors of a thermostat and yet are also far more
complicated than the most sophisticated computer,
the endocrine glands and the other systems of the
body work together. They sense and respond to the
numerous minor and major changes in the per-
son’s daily environment and the resulting bodily
needs.

If a person is in danger, for example, the adrenal
glands increase the production of adrenaline (also
known as epinephrine), so that the individual is
more alert and ready either to take action or to
seek escape. (This is also known as the fight-or-
flight reaction.) The person’s blood pressure and
heart rate both increase, enabling the individual to
respond with an attack or by running away. When
the perceived danger is over, the endocrine glands
signal the body to move to a lower and normal
level of alertness. Adrenaline levels drop, and the
person’s heart rate and blood pressure stabilize to
normal. In addition, the generalized feeling of fear,
panic, or anxiety subsides as the catecholamines
that were released are metabolized and return back
to their basal levels.

This is only one example of the numerous feed-
back loops that are constantly operating in the
human body, internal sentinels that are always on
duty, ready to react to an individual’s particular
needs. Of course, most modern situations do not
actually require any physical battles to occur
between people. However, contemporary humans
still have the same basic physical anatomy and the
same endocrine system as people had during the
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earliest times when they needed to survive by
either standing up to threats and fighting or by
running away from them as fast as possible.

The Endocrine System
Works Around the Clock

The endocrine system is comprised of the following
key organs: the hypothalamus, the pituitary gland,
the pineal gland, the thyroid gland, the parathy-
roids, the thymus gland, the pancreas, the adrenal
glands, the ovaries, and the testes. All these glands
are actively involved in both major and minor daily
life processes. Researchers have also found that
certain organs that were previously not believed to
have endocrine functions do, in fact, secrete hor-
mones. Examples include atrial natriutetic factor
from the left atrium in the heart, leptin from the fat
cells, and angiotensin from the blood vessels.

For example, before people wake up in the
morning, the blood levels of many hormones,
including cortisol, begin to rise, facilitating the
awakening. Cortisol is secreted by the adrenal
glands. Its effect is to help to maintain normal
blood pressure and blood glucose levels, to main-
tain a normal level of electrolytes, and also to help
people to maintain their vigilance and alertness.
Later in the day and during sleep, the cortisol lev-
els will drop to lower yet appropriate levels.

Another hormone, growth hormone, is released
in a pulsatile fashion while people sleep. This hor-
mone mediates growth as well as helps to repair the
often microscopic damage that has occurred to the
tissues, whether a person is eight or 88 years old.

Both cortisol and growth hormone operate in
part on a biological cycle, sometimes known as the
circadian cycle. They are affected by whether the
person is asleep or awake. Other hormones are
released fairly continuously, such as thyroid hor-
mone and parathyroid hormone.

After the individual awakes and consumes her
breakfast, the pancreas works to keep her blood
sugar stable and within a very tight range by pro-
ducing insulin as needed. How much insulin is
needed, though, varies with whether she eats a
bran mutffin, a Danish, a piece of fruit or, as occurs
in some cases, skips breakfast altogether, depleting
her energy stores for the morning. Thus, the pan-

creas is directly affected by, and also affects, the
digestive system. In other words, eating food and
the type of food that is eaten will trigger changes to
the pancreas and the digestive system.

While the person travels to her job, the endocrine
glands are still actively functioning, with some
glands on standby alert. For example, if another car
suddenly darts into the driver’s path, the surge of
adrenaline released by the adrenal glands (as well as
by the sympathetic nervous system) will often
enable the driver to react quickly and, one hopes, to
allow her to avert a car crash. After the danger sub-
sides, the individual’s adrenaline levels will drop
back down again as they are no longer needed to
keep her at such a high level of alertness.

When an individual arrives at work, her
endocrine glands continue to pump out hormones,
regulating her blood pressure, blood sugar, calcium
transfers from her bones to the blood, and so on.
Assuming that she is a healthy woman, her thyroid
gland enables her to have normal energy levels.
Her pancreas maintains a normal blood sugar level,
unless she has diabetes and needs to take medica-
tions on a regular basis to attain a normal or near-
normal rate of blood sugar. The endocrine glands
continue their vigilance with a constant uncon-
scious and involuntary monitoring of the body
throughout the day. They adjust the output of hor-
mones as needed. If it is a slow and easy day for the
owner of the endocrine glands, they generally need
not be as active as when she has difficult physical
(or emotional) problems that need to be resolved.

Endocrine Glands
Over the Life Span

Endocrine glands affect people over the entire
course of their lives. They enable women to
achieve pregnancies (or to suffer from problems
with infertility), to breast-feed their babies (or to
have difficulty with breast-feeding), to respond to
crises, and to sleep well or poorly. For example,
from the age of puberty until about the age of 50,
a woman'’s ovaries will produce increased and fluc-
tuating levels of estrogen and progesterone hor-
mones, which will affect many aspects of her life.
Estrogen levels will vary during the menstrual
cycle. Prior to menstruation, some women develop
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bloating, headaches, and other symptoms until the
onset of their periods. The ovaries also produce
eggs that will enable a woman to ovulate and also
often to achieve a pregnancy if she has unprotect-
ed sex with a fertile man.

Similarly, the testosterone that is produced by the
man’s testes (also known as the testicles) increases
the male libido and contributes to the man’s ability to
have an erection, enabling intercourse. Testosterone,
in conjunction with follicle-stimulating hormone
(FSH) and other hormones, allows the development
of spermatozoa. Testosterone and other hormones
also later facilitate the release of sperm into the man’s
ejaculate, which can then combine with a fertile
woman’s egg to create a pregnancy. Low levels of
testosterone may result in problems with a male’s
sexual development, libido, and erectile function as
well as his fertility.

Of course, fertility is affected by many different
factors, and the key one is age. Fertility declines
with age. Women over age 35 are significantly less
fertile than women who are younger. Fertility also
declines for men as they age, although it does not
appear to decline as precipitously or at as young an
age in men as in women. Elderly men can father
children, although this is not common.

If a woman becomes pregnant, her endocrine
glands will adapt to that major body change as well.
Once the woman becomes pregnant, the body sens-
es this change and, consequently, ovulation ceases.
Prolactin levels may begin to rise during pregnancy.
They particularly increase after childbirth, enabling
the woman to breast-feed her child. The dopamine
that normally inhibits the release of prolactin is not
released and thus breast milk can be produced.

Most women are healthy during their pregnan-
cies, but some women experience endocrine diffi-
culties. For example, a small percentage of women
develop gestational diabetes that is triggered by the
pregnancy. Gestational diabetes is controlled by
diet, exercise, and insulin, depending on the sever-
ity of the gestational diabetes. Women with gesta-
tional diabetes will need to test their blood and
monitor their diet closely. They will also need to
consult with an endocrinologist as well as with
their obstetrician.

Once the woman with gestational diabetes has
delivered the baby, her glucose levels will usually

return to normal again, although she is at risk for
developing gestational diabetes at every subse-
quent pregnancy. All women with gestational dia-
betes should have an oral glucose tolerance test six
weeks after giving birth. Women who have had
gestational diabetes also have an increased risk of
developing diabetes mellitus later in life, usually
during middle age.

Women who have had Type 1 or Type 2 diabetes
prior to their pregnancy will need to monitor their
glucose levels closely and carefully watch their diet
and exercise levels. In addition, they may need to
change their dosages and/or the medications that
they take during pregnancy. Women who formerly
took oral agents for their Type 2 diabetes may need
to take insulin during the pregnancy. Postpartum
levels will also need to be checked.

Some pregnant women develop abnormalities of
their thyroid levels, becoming hypothyroid or hyper-
thyroid, although hypothyroidism is more common.
The thyroid levels may normalize after delivery or
they could also worsen considerably. Pregnant
women with even minor thyroid abnormalities
should consult with an endocrinologist about their
own health and the health of their infants.

After menopause, a woman'’s estrogen levels
drop. Some women experience difficult symptoms,
such as hot flashes, insomnia, and mood swings.
Some women decide to combat these symptoms by
using hormone replacement therapy (HRT), which
is a combination of estrogen and progesterone.
Those who have had a hysterectomy can safely use
only estrogen replacement therapy (ERT). Studies
have shown that HRT may be dangerous for some
women, particularly those with a family history of
breast cancer. ERT has been associated with an
increased risk for developing ovarian cancer. Each
woman who is considering using hormones (HRT)
after menopause must consider the pros and cons of
their use and discuss the issue with her gynecologist.

Testosterone levels in men also decline with
aging, although few men use testosterone on a reg-
ular basis as a hormone therapy in the same way
that menopausal women use HRT. Perhaps in the
future, testosterone use will become a more stan-
dard and accepted medical practice for men, and
they will take their TRT (testosterone replacement
therapy) every day, along with their morning coffee.
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The Endocrine Glands Affect
Every Other System in the Body

The endocrine glands affect all other systems in the
body. The parathyroid glands, for example, are
integral to the health and maintenance of the
skeletal system. They utilize both calcium and vita-
min D to help with the process of maintaining
healthy bones. Hlnesses such as osteoporosis or
Paget’s disease impair the normal production of
bone tissue. Patients with hypoparathyroidism, a
rare disease of the parathyroid glands that is caused
by damage or trauma to the parathyroid glands,
develop hypocalcemia, and they need to take sup-
plements of calcium and vitamin D. Malnourished
children with rickets also have abnormally miner-
alized bones, with bowed legs and other abnormal
features of the skeleton.

The digestive system is also impacted by the
endocrine system in many ways, affecting the indi-
vidual’s overall metabolism, the degree of appetite,
and the speed and efficiency of digestion. For
example, diabetes mellitus can slow down the
stomach emptying and thus slow digestion (a con-
dition called gastroparesis).

Some diseases greatly affect an individual’s
appetite and feeling of fullness (satiety). The best
example of this effect is Prader-Willi syndrome, an
endocrine disorder that causes patients to have
enormous appetites. The parents or caregivers of
children with Prader-Willi syndrome will literally
lock up the refrigerator because the children with
Prader-Willi syndrome will eat themselves sick.

Such children and adults have severe and con-
tinuing problems with obesity, and researchers are
seeking a way to help them. The key to resolving
Prader-Willi syndrome may also help many people
without the disorder but who nonetheless have
problems with chronic obesity.

In the circulatory system, the blood and heart
are kept healthy by a normal metabolic rate main-
tained by the thyroid gland. The nervous system
and the brain are also affected by the endocrine
glands, particularly by the thyroid gland. The skin
is affected by the endocrine system. Excessive lev-
els of androgens (male hormones) in a woman can
cause severe acne, excessive hair growth (hir-
sutism), depression, and infertility. These problems,
once identified, are usually treatable.

When Problems Occur with the
Endocrine System

Sometimes the functioning of one or more of the
endocrine glands goes awry. If the highly complex
system of feedback loops that tells the body when
and how much of certain hormones should be
secreted seriously malfunctions, diseases and occa-
sionally even death can result. Yet many different
life-threatening malfunctions of the endocrine sys-
tem are often manageable when competent and
caring physicians treat the person.

For example, diabetes mellitus is a common dis-
order of the endocrine system, affecting an esti-
mated 18 million individuals in the United States.
Type 1 diabetes, which affects about 1 million peo-
ple in the United States, is an autoimmune disor-
der of the endocrine system caused by the
destruction of beta cells in the pancreas. The beta
cells within the pancreas make insulin, and with-
out insulin, people die. Fortunately, people who
have Type 1 diabetes can inject insulin, enabling
most people with this type of diabetes to live long
and healthy lives. However, even with insulin
injections, people with Type 1 diabetes must still
make many accommodations in order to maintain
their health and to help avoid the many complica-
tions that can occur with diabetes, such as diabet-
ic nephropathy (a kidney disease), diabetic
neuropathy (a nerve disease), and diabetic
retinopathy (an eye disease) as well as heart
attack, strokes, and other health risks.

One major accommodation that people with
both Type 1 and Type 2 diabetes must make is to
perform daily blood testing of their glucose levels,
with subsequent adjustments of their medication
and diet based on the blood test findings. For exam-
ple, if their blood sugar is low (hypoglycemia), these
patients need to ingest some glucose in the form of
a glucose tablet or fruit. If no better choices are
available to them, then sugary food or fluids can
provide the needed blood sugar boost.

Type 2 diabetes is a far more common problem
than Type 1 diabetes. In those with Type 2 diabetes,
the beta cells of the pancreas produce some insulin,
although inadequate levels to maintain normal
blood glucose levels (euglycemia). These patients
need to take oral medications and also test their
blood at least several times each day so they can
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make needed adjustments to their diet, exercise
plans, and medications.

Having too much circulating hormone is also
possible, whether the hormone is testosterone,
estrogen, thyroxine, or any other hormone that the
endocrine glands produce. For example, all females
produce a small amount of testosterone. However,
if too much testosterone is generated by the
ovaries, this leads to a virilizing effect, causing the
woman's breasts to flatten, increased body hair to
grow on the chest and face, and infertility.
Fortunately physicians can seek the cause of this
condition and then act to treat it.

Endocrine Disorders and Development in
Children and Adolescents

Adults are not the only people affected by
endocrine diseases; children and adolescents are
susceptible as well. For example, if a child or an
adolescent develops a tumor of the pituitary that
secretes excess growth hormone, he or she may
develop gigantism, causing the child or adolescent
to grow to very tall heights. Occasionally, the child
can exceed seven feet in height. Conversely, a defi-
ciency of growth hormone, due to a malfunction of
either the pituitary or the hypothalamus, will lead
to growth failure. As a result, the person will be sig-
nificantly shorter than his or her peers.

Yet these are also conditions that physicians have
begun to correct by administering specific medica-
tions or growth hormone treatments. Although
such treatments may help children tremendously,
both physically and psychologically, these treat-
ments continue to be controversial among some
physicians. Some experts do not want to alter
nature and their philosophical view is that, for
example, if a person is biologically destined to be
very tall, then he or she should be very tall. Others
argue that height will affect a person for the rest of
his or her life and thus they feel that it is a parent’s
right to choose to do what is in the best interests of
the child, including actions to limit height.

Children and adolescents with suspected or
diagnosed endocrine disorders should be treated by
pediatric endocrinologists, physicians who special-
ize in both pediatrics and endocrinology. The father
of pediatric endocrinology is regarded by many as
Lawson Wilkins, a physician in Baltimore,
Maryland, who is said to have established the first

endocrine clinic for children at Johns Hopkins in
1935. Other clinics were created, and the specialty
evolved further in the mid 1950s and 1960s. By
2002, there were 65 training programs in the
United States for pediatric endocrinologists.

The American Board of Pediatrics has an
endocrinology board that certifies the training and
competence of pediatric endocrinologists in
endocrinological diseases, including diabetes.
According to a 2004 article in Pediatric Research, 927
pediatric endocrinologists have been certified by
the board since 1978.

Although most children and adolescents do not
experience any disorders of the endocrine system,
their endocrine systems do affect normal life changes
as they grow. Such life changes include the onset of
puberty and, in a female, the onset of menstruation
(menarche), the growth of breasts (thelarche), the
appearance of underarm hair (adrenarche) and pubic
hair (pubarche), and so forth. Boys experience typi-
cal male signs of puberty, such as facial and body hair
and maturing changes in the testes and penis, as
described by Dr. Tanner in 1962 and subsequently
called Tanner stages.

The amazing transformation of a child into a man
or woman is a major achievement orchestrated by
the endocrine system, as is the decline of the hor-
mones, no longer needed after the childbearing years
are over. In some cases, however, children develop
disorders that may cause either an early puberty
(precocious puberty) or a delayed puberty or anoth-
er growth disorder. Pediatric endocrinologists should
be consulted to evaluate and treat such illnesses.

Endocrine Disorders and the Elderly
As individuals age into their senior years, they face
an increased risk for developing certain endocrine
disorders. These include thyroid disease, particular-
ly hypothyroidism, and bone disorders such as
osteoporosis and osteopenia. Elderly individuals
also face a greater risk of developing some danger-
ous and often fatal forms of cancer, particularly
tumors of the ovary and the pancreas. Older
individuals are also more likely to develop below-
normal levels of calcium in the blood (hypocal-
cemia), a condition that is treatable with both
calcium and vitamin D supplements.

In addition, seniors face an increased risk of
developing Type 2 diabetes. They urgently need
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treatment to help avoid the many complications that
can occur with untreated diabetes mellitus, such as
diabetic retinopathy, diabetic neuropathy, and dia-
betic nephropathy as well as heart attack and stroke.
Elderly men are prone to developing erectile dys-
function (ED), often a treatable condition.

Genetics and the Endocrine System

Sometimes genetic diseases or other influences
impair a person’s normal sexuality. For example, in
Turner syndrome, a medical problem found only in
females, one of the X chromosomes is either miss-
ing or impaired. Thus the female does not develop
normally. As a result, women with this disorder
experience a broad variety of medical problems.
With Klinefelter syndrome, a genetic condition
inherited only by males, the male has two or more
X chromosomes in addition to the Y chromosome.
This condition causes small testes and infertility.

Many other endocrine diseases and disorders
have an underlying genetic element. For example,
the children of parents with diabetes mellitus have
an increased risk for development of diabetes.
Autoimmune disorders, such as thyroid diseases,
often have a familial link. An example of just a few
other endocrine diseases with a strong genetic
component include adrenal leukodystrophy,
Carney complex, congenital adrenal hyperplasia,
Graves’ disease, and McCune-Albright syndrome.

Of course, having a genetic predisposition to
develop an endocrine disease or disorder does not
mean that a person is doomed to develop the ill-
ness. Instead, it means that the risk for developing
such a disorder is increased when a family member
(such as a parent or sibling) has that disorder, com-
pared with other individuals whose family mem-
bers do not have the disorder.

Most doctors take careful family medical histo-
ries from patients because they want to take note
of potential health problems. That way, they can be
vigilant about the problem and administer periodic
tests, as appropriate. For example, if a person has
parents with diabetes mellitus, the physician is
likely to watch for diabetes in this person, particu-
larly if the person begins to exhibit any symptoms
of the disease.

Psychological Effects of
Endocrine Disorders

Endocrine disease can have a profound impact on
the emotional and mental health of those afflicted.
For example, people who are hyperthyroid can
sometimes seem almost manic in their behavior,
while those who are hypothyroid may appear
depressed and lethargic. Psychiatric drugs will not
resolve these problems. Only a proper diagnosis
can lead to effective treatment.

Tronically, sometimes the treatment for existing
psychiatric illnesses can result in endocrine disor-
ders. For example, lithium is a medication that is
often given to treat individuals with bipolar disor-
der (manic depression). Lithium can induce a form
of diabetes insipidus (nephrogenic DI) as well as
induce hypercalcemia, hyperparathyroidism,
hyperthyroidism, hypothyroidism, and thyroiditis.

As a result, patients who are exhibiting new
psychiatric symptoms should be screened for an
endocrine disorder. In addition, if patients have
both psychiatric problems and endocrine diseases,
psychiatrists and endocrinologists should work
together to provide the best treatment for the
patient.

Cancer and the Endocrine System

Sometimes cancer strikes the endocrine organs.
The prognosis for patients who develop such can-
cers ranges from good, with forms of cancer such as
testicular cancer and thyroid cancer, to very poor,
as with ovarian cancer or pancreatic cancer. The
reason for the high death rates among most people
diagnosed with ovarian cancer or pancreatic cancer
is that symptoms usually do not appear until the
disease has spread to other organs and is no longer
curable.

Researchers are actively seeking better ways to
diagnose and treat cancers of the ovaries and the
pancreas. Research breakthroughs with earlier
diagnoses and better treatments are anticipated in
the years ahead. As of this writing, for example,
scientists are evaluating a test that may indicate a
marker for early ovarian cancer. If the test works,
the disease would be far more treatable than at
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later stages, when the disease is now usually dis-
covered.

Yet there is considerable hope for the future,
even in cases of ovarian cancer and pancreatic can-
cer, as research continues. Of importance is that as
recently as the 1970s, a diagnosis of testicular can-
cer was essentially a death sentence for the men
who developed the disease. However, research and
advances that have occurred since then have made
most cases of testicular cancer not only treatable
but also frequently curable.

Zeroing in on the Endocrine Glands

Each gland of the endocrine system has at least one
(and usually more than one) distinctively impor-
tant function. In a healthy person, the glands in
the endocrine system work together smoothly.
Sometimes, though, medical problems and condi-
tions occur that can impair the endocrine system as
well as the overall harmony of the body. The indi-
vidual glands themselves may malfunction due to
disease, an autoimmune disorder, or another rea-
son. In addition, external factors may impair the
endocrine glands, such as when a person is in a car
crash or other accident and the pituitary or other
glands are damaged.

In addition to the known hormones that are
released by the endocrine glands, more than 40 dif-
ferent hormones are produced within the gastroin-
testinal tract. Many of their functions are still
unknown. Other organs such as the heart (specifi-
cally, the left atrium) produce hormones such as
peptides.

The following are some examples of the glands
in the endocrine system as well as potential med-
ical problems that may occur in these glands. These
topics are also discussed in the entries throughout
this encyclopedia.

The Hypothalamus and the Pituitary Gland

The hypothalamus is a complex gland. It controls
the function of the pituitary gland and also directly
affects the release of the seven pituitary hormones.
Corticotropin-releasing hormone (CRH) factor stim-
ulates the release of adrenocorticotropic hormone
(ACTH). Thyrotropin-releasing hormone (TRH)

stimulates the release of thyroid-stimulating hor-
mone (TSH). Growth hormone-releasing hormone
(GHRH) stimulates the release of growth hormone
(GH). Gonadotropin-releasing hormone (GNRH)
stimulates the release of both luteinizing hormone
(LH) and follicle-stimulating hormone (FSH).
Dopamine inhibits the release of prolactin (PRL).
Desmopressin acetate (DDAVP) is relayed via neu-
rons to the posterior pituitary gland to help regulate
fluid and also salt and water balance in the body.

In addition, the hypothalamus also includes cen-
ters that directly affect the libido, the individual’s
appetite (the desire to eat), as well as the feeling of
fullness after eating (satiety). Malfunctions of the
hypothalamus can sometimes be minor, but they
can also become severe and even life threatening.

The hypothalamus and the pituitary glands
together control the overall growth and develop-
ment of a child, but they continue to be important
for people of all ages. Even elderly people secrete
small levels of growth hormone.

The hypothalamus also helps to maintain both a
normal body temperature and blood pressure.

When the hypothalamus or pituitary glands
malfunction, they can cause extremely large or
extremely small size in children and adults. Andre
the Giant was an example of a person whose pitu-
itary gland caused him to develop gigantism as a
child. If the pituitary gland malfunctions in a simi-
lar way in an adult, as with acromegaly, it will not
cause increased height because the bones are
already fused and completed (longitudinal
growth). However, the cartilage and tissue can still
grow and can also overgrow. This results in a much
distorted personal appearance, causing a person to
suffer from facial or other physical deformities.
Acromegaly is treatable with surgery, radiation
therapy, and medications.

A malfunctioning pituitary gland may result in a
person with a moon-faced appearance who suffers
from obesity, hypertension, and diabetes. Harvey
Williams Cushing discovered this medical problem,
stemming from excessive ACTH secretion from the
pituitary, in 1932. It was subsequently named
Cushing’s disease.

An excess of cortisol (hypercortisolism) can also
initiate from a cause other than the pituitary gland,
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Your endocrine system is a collection of glands that produce hormones that regulate your body’s growth,
metabolism, and sexual development and function. The hormones are released into the bloodstream and
transported to tissues and organs throughout your body. The table below describes the function of these glands.

Adrenal glands

Divided into 2 regions; secrete hormones that influence the body’s metabolism, blood chemicals, and
body characteristics, as well as influence the part of the nervous system that is involved in the response
and defense against stress

Hypothalamus

Activates and controls the part of the nervous system that controls involuntary body functions, the hor-
monal system, and many body functions, such as regulating sleep and stimulating appetite

Ovaries and testicles

Secrete hormones that influence female and male characteristics, respectively

Pancreas

Secretes a hormone (insulin) that controls the use of glucose by the body

Parathyroid glands

Secrete a hormone that maintains the calcium level in the blood

Pineal body

Involved with daily biological cycles

Pituitary gland

Produces a number of different hormones that influence various other endocrine glands

Thymus gland

Plays a role in the body’s immune system

Thyroid gland

Produces hormones that stimulate body heat production, bone growth, and the body’s metabolism

(CREDIT: American Medical Association)
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and in such a case, the disease is known as
Cushing’s syndrome rather than Cushing’s disease.
Both Cushing’s syndrome and Cushing’s disease
include the same array of medical problems: obesi-
ty, diabetes, hypertension, and other illnesses.

The Thyroid Gland

The thyroid gland is a very important butterfly-
shaped organ situated in the neck. It controls the
basic metabolism of the body and affects an indi-
vidual’s energy levels, sleep cycles, hair growth,
skin texture, and even fertility. Hypothyroidism, or
an underactive thyroid gland, is a type of thyroid
malfunction that results in patients becoming
lethargic and apathetic. The individual may also
suffer from widespread aches and body pains.
Sometimes the patient may be misdiagnosed with
another medical problem altogether, such as arthri-
tis or fibromyalgia.

Simple blood tests, along with clinical observa-
tions of a patient and a thorough evaluation of the
patient’s signs and symptoms, can usually deter-
mine whether the patient’s thyroid levels are with-
in the normal range. In the mid-20th century,
doctors determined that a patient had abnormal
thyroid levels by measuring the patient’s basal
metabolic rate (BMR) upon awakening using spe-
cial hospital equipment that measured oxygen con-
sumption. The BMR test, however, was proven to
be an extremely inefficient and imprecise way to
ascertain the presence of thyroid disease. Another
test, the radioactive iodine uptake scan, used
equipment to determine the biological activity of
the gland as well as its size and contour.

In the mid-20th century, researchers also devel-
oped a blood test to measure thyroid hormone in
the blood, using protein-bound iodine (PBI) meas-
urements to diagnose thyroid disease. In the latter
part of the 20th century, the more sophisticated
thyroid-stimulating hormone (TSH) blood test was
developed. As of this writing, the TSH test is still
considered the gold standard for diagnosing most
thyroid diseases.

The thyroid gland can go into overdrive, becom-
ing hyperthyroid or overactive. The gland may
enlarge and develop a goiter, which is sometimes
visible even to a layperson. Medications can often
dampen the overactive effect of hyperthyroidism,

but surgery or radioactive iodine may also be
required to manage this illness.

Thyroid surgery has been used on patients since
the late 19th century when surgeon Theodor
Kocher developed procedures to remove the thy-
roid gland to treat patients who had tumors and
goiters. Kocher received the Nobel Prize in 1909 for
his successful work with the thyroid gland.
However, doctors also found that removing too
much thyroid tissue left patients very ill. Kocher
himself noted that the total thyroidectomy caused
patients to suffer serious consequences.

In 1891, British physician George Murray isolat-
ed thyroid extracts from sheep. He provided them
to a severely hypothyroid patient who subsequent-
ly improved and took the thyroid supplements for
28 more years. In 1927, researchers first synthe-
sized thyroid hormones and found that the syn-
thetic form of thyroid was as effective as the
thyroid hormone extracted from animals.

Today, most people in the United States who
need thyroid hormones take levothyroxine, a syn-
thetic form of thyroid hormone. In fact, Synthroid,
a form of levothyroxine, is one of the top 10 best-
selling medications of all types in the United States.

Some people suffer from autoimmune thyroid
diseases in which the body mistakenly perceives
the thyroid gland as if it were a bacterial invasion.
In such cases, the immune system actively seeks to
destroy the thyroid gland.

In one syndrome, the antibodies actually stimu-
late the gland to enlarge and to become overactive.
The symptomatology of hyperactivity, an enlarged
thyroid gland and bulbous eyes, was first identified
by Irish physician Robert James Graves in 1835 and
was subsequently named after him. Graves’ disease
is an autoimmune hyperthyroid disorder that has
been experienced by many people, including for-
mer President George H. W. Bush and his wite
Barbara Bush, as well as by the late John FE
Kennedy Jr. The comedian Marty Feldman, recog-
nizable by his very bulging eyes, also had Graves’
disease. For most patients, Graves’ disease is treat-
able with medications and surgery.

Hashimoto’s thyroiditis, an autoimmune disorder
that was first described by Japanese physician Dr. H.
Hashimoto in 1912, is the most common cause of
hypothyroidism in the United States. It may initially
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cause individuals to become transiently hyperthy-
roid. Then, as the gland is further destroyed by the
disease, patients develop hypothyroidism.

In rare cases, infants are born with congenital
hypothyroidism, which would, if left untreated,
cause severe developmental delays and retardation.
Fortunately, all newborn infants in the United
States are screened for thyroid disease. If it is
detected, they are immediately treated with iodine,
thyroid drugs, or other medications and are care-
fully followed by their pediatricians.

The thyroid may also develop cancer. Fortunately,
in many cases it is a slow-growing cancer that is iden-
tifiable and treatable. Sometimes the thyroid gland
develops nodules, which may be solid, cystic, or a
combination of solid and cystic. Thyroid nodules are
often biopsied for cancer, although they are often
benign.

The Pancreas

The pancreas is a critical organ that maintains and
fuels the body in the process of digestion and the
assimilation of nutrients. Its functions are essential
to life. If the pancreas fails, the insulin and the
digestive enzymes that it normally produces must
be replaced for the person to survive. This is
achieved through medication or, in the most
extreme case, through a pancreatic transplant from
a recently deceased person. In many cases, it is
achieved through the administration of insulin.

Insulin was discovered in 1921 by Canadian
doctor Frederick Banting and then-medical student
Charles Best, who first tested insulin on diabetic
dogs. When the dogs’ health improved, Banting
and Best went on to test insulin on diabetic chil-
dren and adults, with success.

Before this discovery of insulin, every person
with Type 1 diabetes died from the disease. They
often succumbed in their childhood, teens, or early
adulthood. Insulin has been synthesized and con-
siderably improved upon since then. However, this
remarkable early discovery has enabled millions of
people worldwide to lead normal lives. People with
Type 1 diabetes today stay alive only because they
inject insulin.

In some cases, the pancreas produces a subnor-
mal amount of insulin or even an amount that
would usually be sufficient for survival, but the

person’s body is unable to use the insulin because
of insulin resistance. Such patients have Type 2
diabetes, which is a major endocrine disease affect-
ing millions of people in the United States and
other countries.

People who are alcoholics often experience
damage to their pancreas caused by excessive
drinking and poor nutrition. This may lead to pan-
creatitis, a severely painful and dangerous inflam-
mation of the pancreas.

Pancreatic cancer is another malfunction of the
pancreas. As of this writing, few people survive this
deadly form of cancer, because it is rarely
detectable in its early stages. As a result, once the
characteristic jaundice (yellowing of the skin) of
pancreatic cancer is clearly visible, death typically
follows. (The presence of jaundice alone does not
always indicate that a person has pancreatic cancer.
Hepatitis and other diseases may also cause jaun-
dice. However, whenever a person of any age is
jaundiced, physicians should actively seek to iden-
tify the cause so that treatment may begin.)

The pancreas is an unusual organ in that it is
both an endocrine gland and an exocrine gland. An
endocrine gland is ductless, while an exocrine
gland contains ducts. Depending on which func-
tion is being considered, the pancreas is an
endocrine gland or an exocrine gland. For exam-
ple, the islets cells of the pancreas produce insulin,
which is an endocrine function. However, the pan-
creas also produces digestive enzymes, which is an
exocrine function. Even people with diabetes who
depend on insulin have pancreases that produce
digestive enzymes.

The Parathyroid Glands
Although most people have never heard of the
parathyroid glands, they are very important glands.
The parathyroids are tiny glands that are embedded
in and around the thyroid gland. They are directly
responsible for regulating the flow of calcium from
the blood and into the bones and then back again
as needed throughout the day and night. The
parathyroid glands directly affect the healthy func-
tioning of an individual’s bones, kidneys, and gut.
Calcium is necessary for life. Without it, a per-
son will eventually go into seizures (tetany) and, if
the condition continues uncorrected, will die.
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Fortunately, severe hypocalcemia is rare. When it
does occur (such as with the accidental removal of
or injury to the parathyroids during thyroid sur-
gery), it is nearly always easily treatable with intra-
venous calcium followed by maintenance doses of
oral calcium and vitamin D after the patient recov-
ers from the surgery.

Having too much calcium is also possible, a con-
dition called hypercalcemia. This can lead to kidney
stones, malaise, decreased cognitive function,
osteoporosis, and a host of other serious medical
problems. Hypercalcemia often stems from either
hyperparathyroidism or cancer.

The parathyroid glands can also become cancer-
ous.

The Adrenal Glands

The adrenal glands are two glands located adjacent
to the kidneys and close to the pancreas. They are
organs essential to healthy growth and development
and also sustain normal life. The adrenal glands pro-
duce adrenaline, cortisol, and aldosterone as well as
androgens, and deficiencies of these hormones can
lead to serious diseases. Hypofunctioning adrenal
glands can lead to Addison’s disease, while hyper-
functioning leads to Cushing’s syndrome and adre-
nal hyperplasia. The adrenal glands also affect the
overall metabolism of the body.

Addison’s disease, a malfunction of the adre-
nal glands causing inadequate levels of circulat-
ing cortisol, is a dangerous and sometimes
life-threatening condition that requires lifelong
monitoring by physicians and the patients them-
selves. Thomas Addison first described this disor-
der of the adrenal glands, which caused skin
darkening and was life threatening, to the South
London Medical Society in 1855. The disease was
subsequently named after him, although Dr.
Addison reportedly received no acknowledgment
for his important discovery within his lifetime.
Cushing’s syndrome and Addison’s disease are
both diseases that, once identified, are treatable.
Patients and their physicians must continue to be
alert to changes in cortisol levels and treat them
accordingly.

The adrenal glands can also develop a cancerous
tumor. Adrenocortical carcinoma is a rare and high-
ly malignant tumor, more commonly found among

middle-aged females. Tumors called pheochromo-
cytomas can also occur in the adrenal medulla.

The Pineal Gland

The pineal gland is a somewhat mysterious gland
with functions that are yet to be fully explored.
Scientists do know that the pineal gland produces
natural melatonin, which is the hormone that
helps people to fall asleep. It is also involved in the
daily sleep/wake cycles. Some experts suspect that
melatonin may be more important than has been
previously realized, and they have begun studying
the relationship of melatonin to other hormones
such as testosterone.

Some early studies indicate that low levels of
melatonin are linked to low levels of testosterone.
By increasing testosterone levels (by administering
testosterone to males with low blood levels of this
hormone), researchers have found that melatonin
levels will also increase. In addition, if administer-
ing supplements of melatonin to raise a man’s
melatonin levels, his testosterone levels will appar-
ently increase as well. Further studies may bring
important new information about melatonin and
the pineal gland.

The Ovaries

The ovaries are the source of female sexual charac-
teristics as well as of female fertility. The ovaries
produce hormones, such as estrogen, that lead to
female sexual characteristics, such as soft skin and
hair, healthy breasts, and a functioning reproduc-
tive system. Estrogen was isolated as a hormone by
researchers in the early 20th century, as was testos-
terone. The ovaries also release an egg each month
that can unite with a sperm to create an ovum and,
ultimately, a pregnancy.

Because many women throughout time have
wished to avoid or delay pregnancy, many
women and their partners were extremely
pleased when the first oral contraceptive was
developed and sold in the United States in 1960.
This drug was based on studies by such
researchers as Gregory Pincus, who showed that
progesterone prevented ovulation.

When ovaries malfunction, they can become
extremely disruptive, causing pain, excessive men-
strual bleeding (or the lack of menstrual periods,
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which is known as amenorrhea), infertility,
extreme hair growth, and other medical problems.

Polycystic ovary syndrome (PCOS) is a medical
condition that causes great distress to some
women. It may cause moderate to extreme hairi-
ness (hirsutism), anovulation (failure to ovulate),
infertility, and other serious medical problems. If
PCOS is left untreated, women may develop Type 2
diabetes and cardiovascular diseases.

Another disease of the ovaries is ovarian cancer,
a disease that is extremely dangerous and one that
is not usually detected until it is inoperable, as with
pancreatic cancer. Researchers have recently devel-
oped a blood test for early ovarian cancer, and
experts are evaluating this test as of this writing. It
may have the potential to save the lives of thou-
sands of women each year by allowing ovarian
cancer to be treated in the early stages.

Sometimes women develop ovarian cysts, which
are fluid-filled and usually benign growths on the
ovaries. These cysts can become large and extreme-
ly painful. They may require surgery. However,
some women have cysts that cause no pain or any
other symptoms for years or even ever. These ovar-
ian cysts are detected only during a routine ultra-
sound or other imaging test that is performed for
another purpose.

The Testes
Just as the ovaries are responsible for female sexu-
ality and fertility, the testes are vitally important to
male sexuality. The testes control both the male sex
drive and the ability to reproduce. Testosterone, a
hormone released by the testes, creates and drives
male sexual characteristics, such as muscle mass,
body hair, and sexuality. If a male loses his testes
before puberty, he will not develop a deepened
voice or body hair. If one or even both testes are lost
after puberty, however (for example, because of tes-
ticular cancer), the man’s deep male voice will not
change nor will his basic adult male characteristics.
The most common malfunction of the testes is
an underproduction of testosterone (hypogo-
nadism), which is a problem that men of all ages
may experience, although it is far more commonly
seen among older men. Testicular cancer is anoth-
er medical problem of the testes that may also

occur, and it is diagnosed most frequently among
men in their 20s—40s. Fortunately, testicular cancer
is usually detectable and treatable, and the survival
rate is high. In addition, if the man loses one of his
two testes, he will usually retain normal sexual
function and will remain fertile.

The Thymus

The thymus is a very small endocrine organ locat-
ed in the chest. As far as is known, it does little
except contribute to some immune functions.
Future research may reveal a more important role
for the thymus than is currently known.

Newer Hormones and
Endocrine Discoveries

As research continues, scientists are discovering
many more key hormones that are directly linked
to the endocrine system. For example, in the late
20th century, scientists in Japan discovered that
the stomach produces a hormone called ghrelin,
which is intimately associated with both appetite
and satiety. Because obesity is a major problem in
North America, Europe, and other parts of the
globe, researchers are attempting to determine if
obesity can possibly be resolved by manipulating
the appetite, perhaps by creating an antighrelin
kind of medication. In fact, researchers are cur-
rently seeking to develop such a medication.

Major Breakthroughs in
Treatments of Endocrine
Diseases and Disorders

Probably the greatest recent breakthroughs in
treating endocrine diseases have come with star-
tling advances in treating diabetes mellitus. For
example, physicians have successfully implanted
insulin-producing cells from the pancreases of
deceased individuals into patients with Type 1 dia-
betes, and these individuals no longer need to take
any insulin.

In another recent success, in 2003, scientists at
Massachusetts General Hospital found that inject-
ing spleen cells into the pancreas of diabetic rats
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somehow caused the pancreatic cells of the rats to
regenerate. This treatment actually cured the labo-
ratory animals of their diabetes. Researchers were
not expecting this result at all. As of this writing,
they are not clear on how or why it happened; for
years, the spleen has been regarded by experts as
an expendable organ.

This research finding is potentially a huge break-
through for people with diabetes mellitus. Human
clinical trials will be performed to test whether the
same results can be found in people. If so, this may
lead to what so many patients and doctors have
dreamed of for so long: a cure for diabetes.

Breakthroughs have also been made with the
testing equipment used by patients with diabetes to
determine their own blood sugar levels. Because
many patients with diabetes are resistant to testing
their blood because of the pain and the inconven-
ience, researchers have developed devices that can
nearly painlessly extract a tiny amount of subcuta-
neous fluid from the forearm, and a display read-
out will show the patient the results of the test
within minutes.

Some patients have enormous difficulty main-
taining normal insulin levels. Researchers have
recently developed implantable insulin pumps that
dole out regular amounts of insulin and can be
ordered to provide extra doses on an as-needed
basis. These are only two examples of devices that
have been created to encourage patients with dia-
betes to test their blood and to act upon the findings.

Future Advances

Many medical advances in the diagnosis and treat-
ment of endocrine diseases are anticipated over the
next decade and even earlier. Scientists hope to dis-
cover how to use hormones in newer and more
innovative ways. For example, peptide hormones
will likely be created as a therapy for many
patients. In addition, experts anticipate that hor-
monal therapies will be used not only to kill abnor-
mal cells but also to grow beneficial and healthy
cells. Monoclonal antibodies will be developed for
early detection of cancers and detection of cancer
spread, as well as to create better therapies for
treating cancer.

Conclusion

Most people never realize the importance of their
endocrine glands to their continued survival or
even that they have such glands working actively
to keep them alive and healthy. Yet these under-
appreciated glands and the entire endocrine system
itself can greatly enhance life as well as cause
extremely serious and even life-threatening med-
ical problems.

This encyclopedia provides basic information
about how the glands and hormones within the
endocrine system function when the system works
normally. It also helps explain what happens when
serious medical problems occur and offers informa-
tion on how physicians work to help their patients
resolve these problems.
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acanthosis nigricans A hereditary skin condition
that is commonly found among patients with severe
INSULIN RESISTANCE (a condition in which the body is
not able to use the insulin produced efficiently and,
thus, attempts to overcome this problem by synthe-
sizing more insulin). In rare cases, acanthosis nigri-
cans is a marker for an aggressive form of internal
cancer (malignant acanthosis nigricans). In particu-
lar, it indicates cancers of the liver or gastrointesti-
nal tract (hepatocellular cancer and gastric cancer).

With the exception of malignant acanthosis
nigricans, the condition is more common among
people of African descent, followed by those of
Hispanic descent, although individuals of any race
may develop acanthosis nigricans. Some medica-
tions, such as corticosteroids, ORAL CONTRACEPTIVES,
niacin, or GROWTH HORMONES, may sometimes
induce the development of acanthosis nigricans.
Physicians have been aware of acanthosis nigricans
since the 19th century.

The incidence of acanthosis nigricans in the pop-
ulation is unknown. Both men and women may
develop this condition. It is also found among chil-
dren and adolescents.

Signs and Symptoms

Acanthosis nigricans is characterized both by its
appearance on the skin and its texture. The skin is
often described as having a soft and velvety tex-
ture. The skin has gray or black patches that give it
an overall burned appearance and that cause it to
appear dirty in these areas. The dark areas are
caused by an excessive amount of melanin, a hor-
mone that increases natural skin color. If the skin
becomes thick enough, it may become malodorous
and macerated.

When present, acanthosis nigricans is usually
found on the neck. However, it may also appear on

the elbows, knees, groin, underarms, knuckles, and
even around the thighs and the anus. The patient
may also have many papillomas (benign skin
tumors or skin tags) as well as a generalized thick-
ening of the skin (hyperkeratosis). The skin areas
affected by acanthosis nigricans are often hairless.

Diagnosis and Associated Medical Conditions

Acanthosis nigricans may be diagnosed in infancy
or early childhood but generally does not appear
until adolescence or adulthood. Unless it is related
to a malignancy, acanthosis nigricans is typically
associated with insulin resistance syndrome.

The presence of acanthosis nigricans may be a
risk factor for the development of TYPE 2 DIABETES.
In one study of 89 African Americans with acan-
thosis nigricans, 21 percent of the patients were
found to have Type 2 diabetes. Acanthosis nigricans
is also found in some patients who have been diag-
nosed with ACROMEGALY and CUSHING’S SYNDROME.
In addition, it may also be associated with OBESITY
and/or POLYCYSTIC OVARY SYNDROME (PCOS) as well
as with HYPOTHYROIDISM.

As of this writing, there is no cure for acantho-
sis nigricans: however, identifying the underlying
cause of this condition is important so that it can be
treated.

The agents used to lighten skin coloration have
limited success in the treatment of acanthosis nigri-
cans.

See also DWARFISM; SKIN.
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Nigricans in African Americans.” Journal of the
National Medical Association 89, no. 8 (August 1997):
523-527.
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Wynbrandt, James, and Mark D. Ludman. The
Encyclopedia of Genetic Disorders and Birth Defects, 2d ed.
New York: Facts On File, Inc., 2000.

achondroplasia See DWARFISM; GROWTH HOR-

MONE.

ACTH (adrenocorticotropic hormone) A protein
hormone that is synthesized and secreted from the
anterior pituitary gland in a pulsatile manner fol-
lowing a specific circadian rhythm (biological
cycle). In most people, their ACTH production is at
its highest level in the morning when they wake up
and at its lowest level in the late afternoon. ACTH
stimulates the adrenal glands to cause growth and
the production of steroid hormones, especially
CORTISOL. ACTH is initially secreted as a prohor-
mone called PMOC (pro-opiomelanocortin), which
contains lipotropins, endorphin, and melanocyte-
stimulating hormone (MSH) that can lead to
hyperpigmentation.

This excessive skin pigmentation can be seen in
diseases such as ADDISON’S DISEASE or primary
adrenal insufficiency. In these cases, inadequate
cortisol is produced, thus decreasing the inhibition
of the hypothalamus on cortisol release (CR) and
the anterior pituitary for ACTH. In Cushing’s dis-
ease, in which ACTH is overproduced, hyperpig-
mentation can also be seen. With some cancers,
such as small cell carcinoma of the lung, ectopic
ACTH may be produced in very large amounts,
leading to hyperpigmentation and a Cushing’s-like
syndrome.

Stress, such as that from a trauma, serious infec-
tion, or surgery, can cause higher than normal lev-
els of ACTH to be secreted. HYPOGLYCEMIA (low
blood sugar) leads to appropriate physiological
increase in ACTH levels. Some emotional states,
such as anxiety or depression, can raise the levels
of ACTH. In contrast, cortisol is a hormone that
inhibits the release of ACTH.

See also ADRENAL GLANDS; CUSHING’'S SYNDROME/
CUSHING’S DISEASE; HORMONES; PITUITARY GLAND.

acromegaly A rare endocrine disorder generally
caused by a benign pituitary tumor that secretes

excessive amounts of growth hormone. These
growth hormone-secreting pituitary tumors or
adenomas account for about one-third of all pitu-
itary tumors. Rarely, the tumor leading to
acromegaly may be cancerous.

Acromegaly is also called GIGANTISM if it presents
before puberty because the excessive levels of
growth hormone cause individuals to attain unusu-
al heights. If the disorder presents after puberty, the
individual does not grow taller but will likely pres-
ent with characteristic abnormalities that may sig-
nificantly alter his or her appearance. It will flatten
both the nose and face and will cause the enlarge-
ment of any bones that have not yet completed
their growth, such as the jaw, hands, and feet.

An overgrowth of tissue in the nasopharyngeal
area (nose/tongue/throat) may cause hoarseness and
may even cause sleep apnea, a potentially dangerous
condition in which the person stops breathing for fre-
quent, short periods during sleep. Snoring is also
quite common among patients with acromegaly.

Causes of Acromegaly

Acromegaly occurs in only about three to four peo-
ple per million. About 20-30 percent of patients
with acromegaly also have DIABETES MELLITUS. In
other rare cases, tumors of the pancreas, lungs, or
adrenal glands (commonly carcinoid tumors) may
cause acromegaly by secreting growth hormone.
Acromegaly may also be caused by the secretion of
another hormone: growth hormone-releasing hor-
mone (GHRH). This hormone stimulates the secre-
tion of growth hormone from the pituitary. The
hypothalamus, an area of the brain just above the
pituitary that secretes many hormones that help
regulate the pituitary’s function, may also secrete
excessive GHRH, and this secretion may cause
acromegaly.

Signs and Symptoms of Acromegaly

There are many different indicators of the presence
of acromegaly. Some signs and symptoms of this
disorder are as follows:

e QOily skin
e Headaches (in 60 percent of patients)
e Achy joints (arthralgias)

e Back pain (which may be secondary due to
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fractures from OSTEOPOROSIS stemming from
decreased estrogen or testosterone levels)

e Extreme sweating (hyperhydrosis)
e Generalized weakness/malaise

e Skin tags (achrochordons)

e Hypertension (high blood pressure)
e Thickened skin

e Excess enlargement of the mouth, nose, and
tongue (acral growth, leading to deformities of
the face and teeth)

e Deepening voice

e Trregular menstrual cycles with lowered estrogen
levels leading to vaginal dryness and hot flashes

e ERECTILE DYSFUNCTION/lowered libido/decreased
beard growth/testicular atrophy (due to
decreased levels of testosterone)

¢ Increased prolactin levels, causing galactorrhea
(breast milk production in non-nursing females)
and hirsutism (excessive hair growth in women)

¢ Carpal tunnel syndrome (compressed median
nerve, accompanied by numbness, tingling, and
weakness in the wrist, thumb, index, or middle
finger)

Diagnosis of Acromegaly
The diagnosis of acromegaly is usually delayed a
long time in adults—by as long as 15 to 20 years.
This occurs because the onset of this medical prob-
lem is slow and insidious. Additionally, the signs
and symptoms of acromegaly are not immediately
obvious.

In fact, the changes in the person’s facial fea-
tures usually occur so slowly that many patients
and their own family members do not notice them.
Awareness of these changes often occurs only due
to the observation from someone who is outside
the family or who has not seen the person for
years. As a result, a person may not be diagnosed
with acromegaly until 35-50 years old, even
though the problem may have begun many years
before then. In contrast, however, gigantism is very
noticeable and it is diagnosed in the individual dur-
ing or prior to adolescence.

Physicians who suspect a patient may have
acromegaly will often ask the patient to bring in

photographs from 10-20 years before in order to
check these photographs for the typical facial
changes of the disease. The physician who suspects
acromegaly/gigantism may also order a fasting
blood test (impaired glucose fasting level) of
growth hormone and/or insulin-like growth factor
1 (IGFE-1). These levels are both increased in people
with acromegaly/gigantism.

Patients suspected of having acromegaly may
also be tested simultaneously for diabetes with an
ORAL GLUCOSE TOLERANCE TEST. This test can serve a
dual purpose. For patients with normal GROWTH
HORMONE secretion, the ingestion of glucose will
lead to decreased levels of growth hormone. In
contrast, the abnormal secretion of growth hor-
mone found in acromegaly is not suppressible and
will not decrease after giving glucose. As a result, if
the growth hormone levels have not dropped, then
acromegaly is likely. In addition, the patient’s blood
glucose levels can be measured to determine if the
patient has normal glucose tolerance, impaired glu-
cose tolerance, or overt diabetes mellitus.

Imaging tests such as COMPUTERIZED TOMOGRA-
PHY (CT) scans or MAGNETIC RESONANCE IMAGING
(MRI) scans of the pituitary gland are also ordered.
These help to identify tumors that may be causing
the acromegaly.

Medical Problems Caused By or
Associated With Acromegaly

Patients with acromegaly have an increased risk of
developing thyroid disorders, such as GOITERS and
HASHIMOTO’S THYROIDITIS. In one study that was
reported in a 2002 issue of the Journal of
Endocrinology Investigation, 78 percent of the patients
with acromegaly also had thyroid abnormalities.

In addition to causing thyroid disease in the
majority of patients and causing diabetes in about a
third of them, acromegaly may be the cause of
other medical problems. These include hyperten-
sion (about 25 percent of acromegaly patients are
hypertensive), cardiomyopathy (abnormal heart
pumping action), arthritis, HYPOTHYROIDISM, HYPO-
GONADISM (the decreased ability to make sex steroid
hormones due to damage to the pituitary cells that
control TESTOSTERONE and ESTRADIOL synthesis), and
kidney stones.

Patients with acromegaly may also experience
visual problems, especially visual field abnormali-
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ties. These occur because the tumor can grow into
the optic chiasm (the major cranial nerve to the
eyes that lies just above the pituitary gland).

In addition, individuals with acromegaly are at a
greater risk for developing polyps in the colon as
well as for developing colorectal cancer. As a result,
experts recommend that for patients with
acromegaly, a colonoscopy should be performed
every two to four years, depending on the recom-
mendation of the treating physician.

Individuals with acromegaly also face an
increased risk for developing other forms of cancer.
Dr. D. Baris and colleagues studied the outcomes
for patients with acromegaly in Sweden (1965-93)
and Denmark (1977-93) and reported their find-
ings in a 2002 issue of Cancer Causes and Control.
They found that patients with acromegaly had a
significantly increased risk of developing various
forms of cancer, particularly cancer of the small
intestine, colon, and rectum. The patients also
faced increased risks for developing cancers of the
brain, thyroid, kidney, and bone.

The death rate for patients with acromegaly is
two to four times the normal rate. Death typically
results from cancer or heart disease unless the
growth hormone and IGF-1 levels can be brought
back into the normal range.

Treatment of Acromegaly

All patients with acromegaly should be treated due
to the multiple complications and high mortality
caused by this medical problem. Acromegaly is
often treated with pituitary surgery (usually
through the sphenoid sinuses, with a technique
called transsphenoidal surgery). This procedure is
successful in about 80-90 percent of the cases.
Neurosurgery is performed if the physician iden-
tifies a microadenoma (a pituitary tumor less than
10 millimeters in size) or a macroadenoma (a
tumor greater than 10 millimeters in size) that is
pushing into the optic nerve or into the cavernous
sinuses (the very large veins found on both sides of
the pituitary that contain several cranial nerves,
the carotid artery, and the jugular vein). The neu-
rosurgeon will perform surgery only if he or she
thinks the patient can be cured or significantly
helped. Remission of many of the patient’s symp-
toms, particularly the facial abnormalities, will gen-

erally occur within days after surgery. Some
patients are treated with radiation therapy, either
as the primary treatment or as a supplemental
treatment after having surgery.

Medications are also a common form of treat-
ment for patients with acromegaly. BROMOCRIPTINE
(Parlodel), pergolide (Permax), and CABERGOLINE
(Dostinex) are medications that have been success-
ful in improving the quality of life of many patients
with acromegaly. These drugs have some side
effects, such as gastrointestinal upset, nausea and
vomiting, and nasal congestion. These side effects
can be reduced in patients by starting with a very
low dose and increasing the dose very slowly. The
physician may also advise lowering the dose and
having the patient take the medication with a
meal. These drugs are less effective than octreotide
(Sandostatin), and they will normalize growth hor-
mone levels in only about 15 percent of patients.

Sandostatin or lanreotide (a synthetic form of the
pancreatic hormone sOMATOSTATIN, which decreases
the production of growth hormone) are both
injectable drugs and are effective in many cases of
acromegaly. This medication is usually given after
surgery and before dopamine agonists are used.
Injections must be performed frequently, up to every
eight hours. However, there is a depot (long-lasting)
form of the drug (Sandostatin Lar) that can be given
as infrequently as one to four times per month.

These drugs may cause nausea, discomfort at the
injection site, and gas and loose stools in some
patients. About 25 percent of the patients who
receive Sandostatin or lanreotide will also develop
asymptomatic gallstones. More significantly,
patients with diabetes mellitus may be able to
reduce their insulin dosage because the acromegaly
drug can improve glucose control. (Conversely,
Sandostatin or lanreotide can also worsen diabetes
symptoms in some patients.)

Other drugs that block the action of growth hor-
mone may also be given to patients with
acromegaly. One such drug is pegvisomant, an oral
growth hormone antagonist medication that blocks
the binding of growth hormone to its receptor. This
drug has been effective in reducing soft tissue
swelling and other symptoms in some patients,
although its long-term safety is not known as of
this writing.
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In one study of 112 patients with acromegaly,
reported in a 2000 issue of the New England Journal
of Medicine, the patients were treated with differing
daily doses of pegvisomant (Somavert) over 12
weeks. (A placebo group received a pill with no
medication.) A majority of the patients, 93, had
previously received pituitary surgery. Of these, 57
had also been treated with radiation therapy.
(Four patients withdrew from the study for vary-
ing reasons.)

The researchers found that pegvisomant worked
well in most patients, successfully reducing IGF-1
concentrations within about two weeks of starting
taking the drug. However, because the study was
conducted for only 12 weeks, the researchers stat-
ed that further study and longer periods of treat-
ment would be needed to determine the continued
safety and effectiveness of the drug.

Because pegvisomant blocks the binding of
growth hormone to the receptor, some patients
begin to synthesize more growth hormone. Some
reports have discussed the growth of the tumor and
of visual field changes that necessitated a change in
the patient’s medication therapy.

Radiation therapy is often used to treat
acromegaly. In most cases, 4,000-5,000 rads
(40-50 Gy) are given over five weeks. The growth
of the tumors is often slowed or stopped by radia-
tion therapy. However, the effects on the secretion
of growth hormone are very slow and will decrease
only about 10-20 percent per year, thus making
the patient’s symptomatic response very slow.

A variety of helpful imaging techniques (CT and
MRI) have been used to try to focus the radiation
directly on the tumor and thus to limit the damage
to the surrounding normal brain tissue. Proton
bean therapy has also been helpful for some
patients; however, it is not widely available as of
this writing. Stereotactic gammaknife therapy is
now also being used on some tumors.

All forms of radiation therapy can lead to the
loss of other pituitary functions over the course of
many years and can also increase the patient’s risk
of developing an intracranial malignancy. In addi-
tion, radiation may cause changes in both visual
and cognitive functions, depending on the type and
amount of radiation used as well as the size of the
radiated field.

See also AMENORRHEA; BLOOD PRESSURE/HYPER-
TENSION; BONE DISEASES, CARNEY COMPLEX;
DWARFISM; HYPERPHOSPHATEMIA/HYPOPHOSPHATEMIA;
PITUITARY ADENOMAS; PITUITARY GLAND; PREDIABETES.

For further information about acromegaly, con-
tact the following organization:

Pituitary Network Association

223 East Thousand Oaks Boulevard
Number 320

Thousand Oaks, CA 91360

(805) 496-4932
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Addison’s disease A rare endocrine disease in
which the adrenal glands do not produce enough
CORTISOL (hypocortisolism or primary adrenal
insufficiency). Cortisol is a key hormone that helps
the body respond to stress in many different ways.
It regulates blood pressure, maintains adequate
blood glucose levels for energy, regulates elec-
trolytes, such as potassium and sodium, and per-
forms many other key functions within the body.
Addison’s disease is also known as chronic primary
adrenal insufficiency. Sometimes patients with
Addison’s disease are also deficient in the hormone
ALDOSTERONE, which is also produced by the adre-
nal glands.

The disease may be first diagnosed when it is life
threatening because most patients have few or no
symptoms in the early stages. Addison’s disease
occurs in about one in 100,000 people, and it
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affects both males and females equally. President
John F. Kennedy suffered from Addison’s disease.

The average patient with Addison’s disease is
diagnosed at about 40 years of age. Periods of
stress, caused by illness, work, or family problems,
worsen the already-existing condition.

Causes of Addison’s Disease

The cause of Addison’s disease is the destruction of
the adrenal cortex. In most cases (about 80 percent),
the disease appears to stem from an autoimmune
reaction of the body to an unknown stimulus. In
some cases, the condition may be a hereditary one,
particularly when diagnosed in males.

In rare cases, patients with acquired immune
deficiency syndrome (AIDs) develop Addison’s dis-
ease as a result of the destruction of their adrenal
glands caused by infections that the patient’s body
could not fight off. Tuberculosis can also lead to the
development of Addison’s disease, although this
problem is not usually seen in patients in devel-
oped countries such as the United States, Canada,
and western Europe. Rarely, Addison’s disease can
be caused by a systemic fungal infection. Adrenal
hemorrhage and destruction by tumors are addi-
tional causes of Addison’s disease.

Signs and Symptoms

In addition to hypocortisolism, Addison’s disease is
also characterized by an extreme weight loss and a
coppery skin tone. All patients with Addison’s dis-
ease experience a significant weight loss before
diagnosis, and about 90 percent evince a darker
skin coloration than is normal for the patient. The
skin color change is a key diagnostic indicator if the
disease is advanced.

Sometimes the symptoms of Addison’s disease
are confused with those of ANOREXIA NERVOSA, a
severe eating disorder in which the patient engages
in voluntary self-starvation. Some patients with
Addison’s disease have actually been misdiagnosed
with anorexia nervosa. However, patients with
anorexia nervosa typically have yellowish skin,
rather than copper-colored skin. In addition,
patients with anorexia nervosa are more likely to
have high levels of cortisol rather than low levels
(hypocortisolism).

Patients with anorexia nervosa may be hyper-
glycemic. In contrast, patients with Addison’s dis-
ease are more likely to be hypoglycemic. Last,
patients with anorexia nervosa are often low in
potassium blood levels, while patients with
Addison’s disease are hyperkalemic (with exces-
sively high levels of potassium in the blood).

Other signs and symptoms of Addison’s disease
may include the following:

e Chronic fatigue

¢ Dizziness/light-headedness

¢ Cold intolerance

¢ Nausea and vomiting

e Malaise

e Depression

e Hypotension (low blood pressure)

e Loss of underarm (axillary) and pubic hair in
adult women

¢ Elevated levels of blood urea nitrogen (BUN)
e Anemia

e Poor concentration

e Mood swings

e Hypoglycemia (low blood sugar)

e Thyroid disease

¢ Craving for salt

If a Medical Crisis Occurs

Individuals diagnosed with Addison’s disease
should always wear a medical identification
bracelet. In the event of an emergency, they will
urgently need to receive glucocorticoid injections,
typically given as hydrocortisone, CORTISONE, pred-
nisone, dexamethasone, or methylprednisone.
They also require fluid resuscitation, usually
administered as normal saline (salt water) and dex-
trose if needed. In a crisis situation, a patient’s
blood pressure may fall to extremely low levels
(hypotension). He or she may also experience
problems with severe hypoglycemia (low blood
sugar) and excessively high levels of potassium.
When experienced in combination, these three
symptoms may be life threatening. In fact, if the
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condition is left untreated, it is fatal. When patients
with Addison’s disease plan to travel, they should
be sure to bring with them needles, syringes, and
an injectable form of cortisol for emergency use.

Diagnosis and Treatment

If physicians suspect that a patient has Addison’s
disease, they will perform a variety of laboratory
tests, including the adrenocorticotropic hormone
(ACTH) or Cortrosyn stimulation test. In this test,
synthetic ACTH in the form of Cortrosyn is inject-
ed intravenously after a baseline cortisol level is
measured in the blood. Cortisol levels are then
measured in the blood after 30 minutes from the
time of the injection and, on occasion, after 60
minutes.

The insulin tolerance test is considered the gold
standard test for the diagnosis of Addison’s disease,
but it is used less frequently due to the risk of
severe hypoglycemia. In this test, a graded amount
of rapid-acting insulin is administered intravenous-
ly to the patient in order to induce hypoglycemia
purposely, and cortisol levels are measured at spe-
cific times. Cortisol is a counterregulatory hor-
mone. Thus, cortisol levels should increase
appropriately when the body develops hypo-
glycemia. If they do not increase, the test indicates
a problem and the presence of Addison’s disease.

After the biochemical diagnosis is made, an
imaging test can be used to help determine the
cause of the adrenal insufficiency. In most cases, a
COMPUTERIZED TOMOGRAPHY (CT) scan of the adren-
als is the first test used. With autoimmune
Addison’s disease, the adrenal glands may appear
normal sized, but they are often atrophic. If there
has been a destructive lesion such as hemorrhage
or tumor, the glands will appear enlarged. If the
possibility exists of secondary or tertiary adrenal
insufficiency, CT or MAGNETIC RESONANCE IMAGING
(MRI) of the pituitary is often valuable.

Patients diagnosed with Addison’s disease are
treated with replacement glucocorticoids and, on
occasion, mineralocorticoids. Prednisone, cortisone
acetate, methylprednisone, dexamethasone, or
hydrocortisone can be used. The dose may be given
once daily. However, it is typically split with 50-65
percent being given in the morning and the

remainder in the afternoon, thus attempting to
mimic the body’s own circadian pattern.

No one specific test allows the endocrinologist to
monitor a patient’s response to therapy. Most impor-
tant are the patient’s sense of well-being, blood pres-
sure, appetite, and energy. Serum electrolytes in the
form of potassium and sodium, as well as the renal
function tests (blood urea nitrogen and creatinine),
are monitored. Renin and ACTH levels are some-
times helpful in guiding dose changes.

Monitoring of patients with Addison’s disease is
crucial. If too much glucocorticoid replacement is
used, the excessive medication will cause such
symptoms as weight gain, HYPERGLYCEMIA, hyper-
tension, and other problems in a medically induced
form of Cushing’s syndrome.

Patients found to be deficient in aldosterone
may need mineralocorticoid replacement in the
form of fludrocortisone (Florinef).

If patients with Addison’s disease become ill or
feverish, they may need to double or even triple
their glucocorticoid dosage. Doctors should discuss
this issue ahead of time with all patients who have
Addison’s disease. If these patients become acutely
ill, they will need an emergency intravenous dosage
of glucocorticoids and may also require hospitaliza-
tion. Most patients will recover in a day or two.

See also ACTH; ADRENAL CRISIS/ADDISONIAN CRISIS;
ADRENAL FATIGUE; ADRENAL GLANDS; CACHEXIA; SKIN.

For further information, contact the following
organization:

National Adrenal Disease Foundation
505 Northern Boulevard

Suite 200

Great Neck, NY 11021

(516) 487-4992
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adolescents Individuals who are either undergo-
ing or who have recently undergone puberty, usu-
ally in the age range of about 12-17 years.

Adolescents are prone to many of the same
endocrine diseases as children or adults. However,
they are at risk for some diseases more specific to
their age group (although the risk is still low).
Examples of such diseases are MATURITY ONSET DIA-
BETES OF YOUTH (MODY) and DELAYED PUBERTY.
EARLY PUBERTY (precocious puberty) is a less fre-
quently occurring problem. Adolescents are more
prone to developing ANOREXIA NERVOSA than adults,
although the illness may persist into adulthood.
TYPE 1 DIABETES, formerly called juvenile diabetes,
may present in early adolescence and will persist
throughout life. However, some patients with Type 1
diabetes are not diagnosed until early adulthood or
even later.

Menstruation and Adolescents

The onset of menstruation can be difficult for some
adolescent girls, who may find it painful and/or
embarrassing.

Interestingly, the presence of secondary sexual
characteristics and the onset of menstruation
among girls in the United States have apparent
racial and ethnic differences. This is based on infor-
mation from the Third National Health and
Nutrition Examination Study of 1988-94, reported
by Dr. Wu and her colleagues in a 2002 issue of
Pediatrics.

According to this report, the study of 1,168 girls
ages 10-16 revealed that Mexican-American and
African-American girls developed pubic hair and
experienced their first menstrual cycle earlier than
the Caucasian girls in the study. Nearly half (49.4
percent) of the African-American girls had breast
development at the age of nine years, compared
with 24.5 percent of the Mexican-American girls
and 15.8 percent of the Caucasian girls of the same
age. In addition, the average (mean) age of the
appearance of pubic hair was 9.5 years for African-
American girls, 9.8 years for Mexican-American
girls, and 10.3 years for Caucasian girls.

The onset of menstruation was closer for all
three groups. However, it still occurred earlier for
African Americans and Mexican Americans than
for Caucasians. The mean age for the onset of the

first menstruation was 12.1 for black girls, 12.2 for
Mexican-American girls and 12.7 for white girls. It
is unclear why black and Mexican-American girls
experience earlier signs of puberty than white girls.
When physicians are considering diagnosing a girl
with an early puberty, they may wish to take into
account racial factors that may indicate that she is
on track compared to other girls of the same race.

Males and Adolescents
Males may find adolescence difficult, particularly if
they have a delayed puberty, causing them to be
smaller and less mature than other males of the
same age. Some parents ask their doctors for
GROWTH HORMONE to speed the development of
puberty and growth. This use is controversial. In
general, parents are more likely to ask for growth
hormone for boys than girls.
See also TANNER STAGES.

Wu, Tiejian, M.D., Pauline Mendola, and Germaien M.
Buck.
Secondary Sex Characteristics and Menarche Among
US Girls: The Third National Health and Nutrition
Examination Survey: 1988-1994.” Pediatrics 110, no.
4 (October 2002): 752-757.

“Ethnic Differences in the Presence of

adrenal cortical cancer A malignant tumor of
the cortex of the adrenal gland, also known as an
adrenocortical carcinoma or adrenal cancer. Only
about one or two people in a million develop this
very rare form of cancer. When it occurs, it is usu-
ally found among adults who are in their 40s or
50s, although adrenal cortical cancer also can be
seen in children under the age of five years. It more
commonly occurs in females. Sometimes adrenal
cortical cancer is found among patients diagnosed
with MULTIPLE ENDOCRINE NEOPLASIA, type 1 (MEN 1).
A tumor found in the adrenal medulla or in an area
other than the adrenal cortex is known as a
PHEOCHROMOCYTOMA.

Some tumors actively secrete hormones, while
others do not. Different studies have shown vari-
able percentages of patients with actively secreting
tumors. Patients with actively secreting hormones
are discovered upon a physical evaluation of the
patient, who typically presents with signs and
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symptoms of CUSHING’S SYNDROME or virilization
(male symptoms in females). This includes hair
where it is not typically seen in females, such as on
the chest, face, and so forth.

In the case of patients who have a nonsecreting
tumor, the tumor is usually identified because of
symptoms caused by its large size. In other cases,
the tumor is found serendipitously when the
patient has had an imaging study for an unrelated
issue. An inactive tumor is more commonly seen in
older patients. This type often progresses at a faster
rate than those that are hormonally active.

An adrenocortical tumor is usually curable only
when it is identified in an early stage, when the
tumor is still contined to the adrenal gland. At this
point, that particular adrenal gland can be surgical-
ly removed. Patients can then live a normal life,
with the other adrenal gland taking over full duty
to make the appropriate levels of hormones need-
ed by the body. However, discovering this tumor at
an early stage is not common. In fact, an early
tumor, if discovered, is usually found accidentally.
By the time adrenal cortical cancer is usually iden-
tified, it has often metastasized (spread to other
organs), typically to the lung, liver, lymph nodes,
and bones.

Diagnosis and Treatment

Physicians consider the diagnosis of adrenal cancer
when the patient presents with rapidly progressive
symptoms of Cushing’s disease or with virilization.
In contrast, cancers that secrete feminizing hor-
mones or aldosterone are very rare.

A basic tenet of endocrinology is that a medical
syndrome should be clearly characterized biochem-
ically through laboratory studies prior to obtaining
imaging studies. Doing so avoids unnecessary test-
ing and also helps the physician pinpoint the prob-
lem. As a result, laboratory tests may be ordered to
help make a diagnosis.

When imaging tests are ordered, a COMPUTERIZED
TOMOGRAPHY (CT) scan and MAGNETIC RESONANCE
IMAGING (MRI) can identify the presence of a
tumor. These tests are also used to define the size of
the tumor as well as to determine whether there is
any local spread or more distant spread to the liver
or the lymph nodes. When an enlargement of an
adrenal gland is found on a CT that was performed

for other reasons, endocrinologists suspect the
presence of a malignant tumor, especially if the
tumor is greater than five centimeters at its great-
est dimension.

Treatment for adrenal cortical cancer is usually
surgery. If the cancer is advanced, the patient may
be treated instead with chemotherapy. Mitotane, a
chemical related to DDT, has been the mainstay of
chemotherapy for years. It is used initially in treat-
ment, as well as later in treatment, in an attempt
to prolong the patient’s survival. When the tumor
is responding poorly, other agents, such as
cisplatin, etoposide, doxorubicin, cyclophos-
phamide, 5-fluorouracil (5-FU), and vincristine are
added to the mitotane.

Because mitotane damages and destroys both
malignant and healthy adrenal cortical cells,
patients treated with mitotane must also be treated
with glucocorticoid and mineralocorticoid medica-
tions in order to replace their endogenous cortisol
and aldosterone.

Radiation therapy is rarely used to treat adreno-
cortical cancer. Percutaneous radio frequency
tumor ablation has been used for patients with
small tumors and early disease, with mixed results.

See also ADRENAL GLANDS; AMENNORHEA; CANCER;
EARLY PUBERTY; HIRSUTISM IN WOMEN.

Abraham, Jame, and Tito Fojo. “Endocrine Tumors,” in
Bethesda Handbook of Clinical Oncology. Philadelphia,
Pa.: Lippincott Williams & Wilkins, 2001, 419-440.

Hsing, Ann W., et al. “Risk Factors for Adrenal Cancer:
An Exploratory Study.” International Journal of Cancer
65, no. 4 (1996): 432-436.

Ng, L., and J. M. Libertino. “Adrenocortical Carcinoma:
Diagnosis, Evaluation, and Treatment.” Journal of
Urology 169, no. 1 (2003): 5-11.

Vassilopoulou-Sellin, R., and P. M. Schwartz. “Adreno-
cortical Carcinoma: Clinical Outcome at the End of
the 20th Century.” Cancer 92, no. 5 (2001):
1,113-1,121.

adrenal crisis/addisonian crisis A term usually
used to describe a life-threatening problem due to
a lack of adequate cortisol. Individuals in an adre-
nal crisis present with severe hypotension (low
blood pressure), malaise, fatigue, and dehydration
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and may actually fall into a coma. They often have
severe electrolyte abnormalities with profound
hyperkalemia (high potassium levels) that can
cause a lethal heart arrhythmia and severe HYPONA-
TREMIA (low sodium levels).

Often the clinical picture is clouded by the acute
illness that induced the crisis, such as urosepsis,
pneumonia, or heart attack. Adrenal crisis can
often occur in postoperative patients who develop
a bilateral adrenal hemorrhage that destroys both
adrenal glands.

Individuals in an adrenal crisis need immediate
emergency care with fluid and electrolyte resusci-
tation in addition to intravenous stress doses of
steroids. Typically, 100 mg of hydrocortisone are
given and then repeated every six hours for the
first 24-48 hours. In addition, the underlying ill-
ness must be diagnosed and treated.

When a patient has a known case of ADDISON’S
DISEASE or another cause of adrenal insufficiency,
the treatment is clearer. However, when a patient
presents for the first time with these symptoms, the
doctor must be astute enough to consider the diag-
nosis of adrenal crisis and to begin therapy as soon
as possible.

Individuals with Addison’s disease (hypocorti-
solism) are the patients most likely to experience
an adrenal crisis. People with Addison’s disease
must be educated about the appropriate stress
doses of glucocorticoids they need when ill. In
addition, they may need a prescription for intra-
muscular steroids, to be given at home, if they are
unable to keep down their oral steroids due to nau-
sea and/or vomiting. Keeping intramuscular
steroids at home is also a good idea if patients live
a long distance from medical care. In addition,
patients need to know that they must make sure
they drink fluids and consume extra salt when they
begin to get ill to prevent the syndrome from pro-
gressing further. They also need to have a medical
identification bracelet or necklace that identifies
them as a steroid-using or Addisonian patient.

Emergency doses of cortisone or hydrocortisone
are required to counteract an adrenal crisis and to
meet the individual’s urgent need for cortisol. If
the patient remains untreated, an adrenal crisis
may be fatal.

See also ADRENAL GLANDS; CORTISOL.

adrenalectomy Removal of an adrenal gland.
This procedure is usually necessary because of a
cancerous tumor, trauma with hemorrhage (severe
bleeding), or a benign tumor (such as a PHEOCHRO-
MOCYTOMA or aldosteronoma) that has caused the
patient to experience serious physiological conse-
quences, such as hypertension.

Some physicians have developed a means to
remove the adrenal glands laparoscopically, through
a small incision in the abdomen. This technique is
safer than an open adrenalectomy, and it also costs
less money, although it can be a longer procedure
for the surgeon to perform. In addition, there is less
blood loss with a laparoscopic adrenalectomy. In one
published study, the length of the patient stay
decreased from 7.4 days to 2.7 days with a laparo-
scopic adrenalectomy. However, the tumors must be
small (less than six to seven centimeters in size) in
order to perform this procedure. Laparoscopic sur-
gery is more technically difficult than using a large
incision to remove the adrenal gland and should be
performed only by experienced surgeons.

If patients have both of their adrenal glands
removed, they will develop adrenal insufficiency
and require lifelong treatment with steroids in
order to avoid an ADRENAL CRISIS. If only one adre-
nal gland is removed, patients may require only
temporary treatment until the other adrenal gland
begins functioning properly and handling the task
of the body’s entire adrenal needs.

See also ADRENAL CORTICAL CANCER; ADRENAL
GLANDS; ALDOSTERONISM; CANCER.

Hansen, P, T. Bax, and L. Swanstrom. “Laparoscopic
Adrenalectomy: History, Indications, and Current
Techniques for a Minimally Invasive Approach to
Adrenal Pathology.” Endoscopy 29, no. 4 (1997):
309-314.

Soulie, Michel, et al. “Retroperitoneal Laparoscopic
Adrenalectomy: Clinical Experience in 52
Procedures.” Urology 56, no. 6 (2000): 921-925.

adrenal fatigue A condition of impaired adrenal
function that is not severe enough to reach the level
of ADDISON’S DISEASE Or ADRENAL INSUFFICIENCY.
Adrenal fatigue is rare. However, some natur-
opaths and other unscrupulous or uneducated
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individuals have actively promoted the condition
as an extremely common one that will resolve only
with massive doses of vitamins (which they often
sell), sometimes after administering unscientific
tests that purportedly “prove” that the condition is
present. In addition, some unscrupulous practition-
ers place patients on dangerously high dosages of
prednisone.

Any person who is told that he or she has adre-
nal fatigue should be sure to consult with an
ENDOCRINOLOGIST before pursuing any course of pre-
scribed or over-the-counter medications or before
taking massive dosages of vitamins or minerals.

See also ADRENAL CRISIS/ADDISONIAN CRISIS;
ADRENAL GLANDS.

adrenal glands Endocrine glands located in a
very posterior position in the abdomen. Unless
they are extremely enlarged, as with an adrenal
adenoma, they cannot be felt by hand. Adrenal
hormones must be synthesized and secreted in
very specific concentrations to ensure normal
health.

The adrenal glands produce three key hormones:
ADRENALINE (a catecholamine hormone), ALDOS-
TERONE, (a mineralocorticoid), and cORTISOL (a glu-
cocorticoid hormone). The adrenal glands also
produce some TESTOSTERONE and other ANDROGENS
(male hormones). Malfunctions of the adrenal
glands can lead to such serious endocrine disorders
as ADDISON’S DISEASE, CUSHING'S SYNDROME, and
adrenal hyperplasia. The adrenal glands directly
affect the METABOLISM of every person.

The adrenal glands are best imaged using a com-
PUTERIZED TOMOGRAPHY (CT) scan, and often the
initial scan is performed without intravenous con-
trast. The CT scan is particularly helpful in patients
with adrenal adenomas or adrenal incidentalomas
(nodules found with a CT scan, ultrasound, MAG-
NETIC RESONANCE IMAGING (MRI) scan or other tech-
niques that were performed for another purpose).
The Hounsfield units (essentially, a measure of
water content) that can be measured from CT scans
of the adrenal glands can help determine if further
evaluation is indicated.

If a mass is present, a cutoff size of five to six
centimeters is typically used to determine whether

a further evaluation, such as a biopsy, should be
done, as the risk of malignancy increases as the size
of a tumor increases. Large adrenal masses are
often surgically approached via a very large poste-
rior to anterior flank incision. However, the ability
to do many surgeries using much smaller laparo-
scopic techniques are readily becoming the norm.

If an adrenal hemorrhage (heavy bleeding)
occurs, the patient may develop ecchymoses (evi-
dence of bruises) in the flank area of the body.

See also ADRENAL CRISIS/ADDISONIAN CRISIS;
ADRENALECTOMY; ADRENAL FATIGUE; ADRENAL HOR-
MONES; ADRENAL INSUFFICIENCY; ADRENAL LEUKODYS-
TROPHY; SKIN.

adrenal hormones The adrenal glands produce
several hormones, including ADRENALINE, ALDO-
STERONE, and CORTISOL.

Cortisol is the primary hormone secreted by the
cortex of the adrenal glands. Cortisol is necessary
for life. In many systems of the body, it functions as
a permissive hormone, allowing that organ or sys-
tem to function at an optimal level. Cortisol is
needed to balance basic functions, such as blood
pressure, alertness, blood glucose levels, and the
salt and water balance of the body. Excessive levels
of cortisol result in CUSHING’S SYNDROME or disease,
while insufficient levels lead to ADDISON’S DISEASE.

Aldosterone is a hormone that helps to maintain
a good electrolyte (primarily sodium and potassi-
um) balance in the body. It also maintains normal
blood pressure. People with Addison’s disease may
also be deficient in aldosterone and require supple-
mentation. Hyperaldosteronism is a disease that
usually involves small, benign tumors of the adre-
nal glands, which may require an ADRENALECTOMY.

Adrenaline (also known as epinephrine) is the
tight-or-flight hormone that enables people to
become hypervigilant and alert in the event of
either real or perceived danger or times of high
stress. Both adrenaline and cortisol are counterreg-
ulatory hormones. In other words, they counter-
balance the effects of insulin and tend to increase
the level of blood glucose. Thus, tumors that
secrete excessive amounts of adrenaline, such as
PHEOCHROMOCYTOMAS, may lead to increases in the
blood glucose level and overt DIABETES MELLITUS.
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adrenaline A hormone produced in the adrenal
cortex of the adrenal gland. Adrenaline is also
known as epinephrine. Adrenaline, which is also
referred to as the fight-or-flight hormone, is very
important. It enables individuals to become highly
alert on an as-needed basis. This ability allows indi-
viduals to cope more effectively in the event of real
or perceived danger or during periods of high
stress. Adrenaline may also be administered on an
emergency basis for individuals experiencing a life-
threatening allergic reaction.

Adrenaline, which is synthesized in small
amounts on a regular basis, also helps individuals
to maintain stable blood pressure. It increases
blood pressure when people arise from a sitting
position by causing the smooth muscles in blood
vessels to tighten (vasoconstriction).

Adrenaline is also produced by the autonomic
nervous system in both the peripheral nerves and
ganglia as well as in the brain. It is one of the coun-
terregulatory hormones that rise rapidly when
blood glucose levels fall. Adrenaline travels to the
liver to counteract the effects of any insulin in the
system. By increasing the pulse and causing sweat-
ing, jitteriness, and other symptoms, it alerts indi-
viduals that there is a problem that requires
attention. Adrenaline also helps to break down
preformed glucose that is stored in the liver in the
form of glycogen.

Although measuring adrenaline can be difficult,
it is possible. A laboratory test can measure the
adrenaline level in the blood. Additionally, its
metabolites can be measured in the urine. These
lab tests are helpful in diagnosing PHEOCHROMOCY-
TOMA, a benign tumor of the adrenal gland that can
cause fatal paroxysms of blood pressure.

See also ADDISON’S DISEASE; ADRENAL GLANDS;
ADRENAL HORMONES.

adrenal insufficiency The condition that occurs
when the adrenal glands make inadequate cortisol
for proper health. Complete adrenal insufficiency is
typically synonymous with ADDISON’S DISEASE.
However, there may be degrees of adrenal insuffi-
ciency, ranging from minimal or partial to complete.

The most common causes of primary adrenal
insufficiency are autoimmune destruction of the

adrenal glands, tuberculosis, and hemorrhage.
Adrenal insufficiency may also be caused by acquired
immunodeficiency syndrome (Ads), fungal infec-
tions, or the destruction of the adrenal cortex by can-
cers that have spread (metastasized) to that area.

In addition, adrenal insufficiency may be sec-
ondary to HYPOPITUITARISM. This problem with the
pituitary gland produces inadequate adrenocorti-
cotropic (ACTH) hormone. Adrenal insufficiency
may also be tertiary due to a hypothalamic disorder
in which inadequate levels of corticotropin releas-
ing hormone (CRH) are generated, and conse-
quently, inadequate levels of ACTH are also
produced.

The most common form of secondary adrenal
insufficiency is caused by the use of exogenous
steroids in the treatment of another ailments.
Exogenous steroids are frequently used to treat
conditions such as asthma, rheumatoid arthritis, or
organ transplantations and are often lifelong treat-
ments.

This use of exogenous steroids leads to the sup-
pression of the pituitary gland and the hypothala-
mus. The adrenal glands become atrophic or
dormant as they are not needed to make adequate
cortisol since the patient now has an external
steroid supply. If these steroids are stopped sud-
denly or tapered off too quickly, the patient will
develop acute adrenal insufficiency or an acute
adrenal crisis. Patients may develop signs and
symptoms of steroid withdrawal syndrome.

Patients with adrenal insufficiency, whether they
have the primary, secondary, or tertiary forms of the
condition, will feel extremely weak and tired. They
may also have the following signs and symptoms:

e Loss of appetite and unintended weight loss
e Nausea and vomiting
e Diarrhea

e Dizziness

HYPONATREMIA (low sodium in the blood) and
hyperkalemia (high potassium in the blood) are
both signs of adrenal insufficiency that are found
only with the primary form of the condition.

Patients with primary adrenal insufficiency also
often present with hyperpigmentation of the skin
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and thus their skin appears darker. In the most
extreme case, and if patients are left untreated,
they will die. In addition, the hyponatremia may
become life threatening. Individuals should be
treated with intravenous normal saline (a sodium
chloride solution) and glucocorticoid steroid infu-
sions (hydrocortisone).

Diagnosis and Treatment

Adrenal insufficiency is often difficult to diagnose.
Doctors take a careful medical history and perform
a physical examination. If adrenal insufficiency is
suspected, the Cortrosyn (cosyntropin) stimulation
test should be performed. The patient’s blood CORTI-
soL level is measured and then Cortrosyn (synthet-
ic ACTH) is given intramuscularly or intravenously.
The patient’s cortisol blood levels are again meas-
ured in 30 minutes and, on occasion, in 60 minutes.

There is some debate about what constitutes a
normal response. However, most experts think that
the 30-minute level should be greater than 20
mcg/dl or the difference between the baseline test
and the 30-minute levels should be greater than 12
mcg/dl. This level of response indicates that the
HYPOTHALAMIC-PITUITARY-ADRENAL AXIS (HPA axis) is
intact. In some cases, the test must be repeated,
such as when the results are equivocal. Other tests
must then be ordered to determine exactly what
the adrenal function is like.

Patients with adrenal insufficiency are treated
with glucocorticoid steroids and, on occasion, min-
eralocorticoid replacement with medications such
as hydrocortisone or cortisone. Patients should also
wear a medical identification bracelet identifying
them as individuals with adrenal insufficiency in
the event of a medical emergency.

They will also need to take maintenance doses
of medication and be followed by physicians for the
rest of their lives, with at least twice-yearly follow-
up visits with their endocrinologist. Should these
patients become very ill and/or feverish, they will
usually need to increase the dosage of their hydro-
cortisone. Typically, a doubling of the dose is done
for a minor illness and a tripling of the dose is rec-
ommended for a major illness. However, patients
with adrenal insufficiency should consult with
their own physicians about dosage needs should an
illness occur.

Patients need to have an emergency dose of
intramuscular medication available to them if they
travel. This medication can also be used if patients
have an illness accompanied by nausea and vomit-
ing and, consequently, they are unable to keep
their usual doses of medication down. If patients
are unable to keep up with their body’s fluid needs
and are also unable to keep their steroids down,
they will need emergency treatment with intra-
venous steroids and normal saline.

See also ADRENAL GLANDS; ADRENAL HORMONES.

Oelkers, Wolfgang, M.D. “Adrenal Insufficiency.” New
England Journal of Medicine 335, no. 16 (October 17,
1996): 1,206-1,212.

adrenal leukodystrophy (ALD) A very rare
X-linked genetic disease that primarily affects males
between the ages of six and 10 years old. Also
known as adrenoleukodystrophy, ALD affects one
in 20,000 males. Some female carriers of the disease
may have a milder adult-onset form of ALD, which
usually presents after age 35. There is also an adult-
onset form of ALD among males. This type is not as
severe as the childhood form and usually presents
between the ages of 21 and 35, according to the
National Institute of Neurological Disorders and
Stroke. There is also a neonatal form of ALD. Most
patients with ALD die within one to 10 years after
first exhibiting the symptoms of the disease. ALD is
also a rare cause of ADRENAL INSUFFICIENCY.

Genetic Issues

The ALD gene was first discovered in 1993. It is
located on the ABDCI gene. Genetic counseling is
available if it is suspected that the female may be a
carrier of the disease. (If the male has ALD, he will
exhibit obvious symptoms of illness.) If the family
has a son who inherits the genetic defect, he will
have the disease. A daughter, however, may inher-
it the defect but will usually be a carrier only.
However, about 20 percent of female carriers will
also develop a mild form of ALD.

Effects of ALD

Adrenal leukodystrophy affects the nervous system
and the adrenal cortex. It causes a progressive and
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severe deterioration to the myelin sheath that insu-
lates the nerve cells in the brain and also causes the
adrenal glands to deteriorate. Patients with ALD
amass large amounts of unbranched, very long
chain fatty acids (VLCFA), particularly hexa-
cosanoate (C26:0), in their brains and adrenal cor-
tex. Because patients with ALD lack an enzyme to
break down these fatty chains, the chains accumu-
late even further and cause severe damage. ALD is
also classified as a peroxisomal disorder, with per-
oxisomes being the intracellular organelles located
where this enzyme is deficient.

Background on Lorenzo’s Oil

ALD became more prominently known to the gen-
eral public with the success of the movie Lorenzo’s
Oil. Tt was based on a true story of parents who
sought and found a treatment (not a cure) for
their son who was diagnosed with adrenal
leukodystrophy when he was a small boy in the
early 1980s. In 2003, Lorenzo was 25 years old,
according to information posted on The Myelin
Project (http://www.myelin.org). At that time, he
could communicate only by eye blinks and by
wiggling his fingers.

Lorenzo’s oil, which combines oleic acid and
euric acid, is not approved by the Food and Drug
Administration (FDA) as a treatment for ALD.
However, at the time of this writing, it reportedly
can be obtained by patients with ALD who partici-
pate in a clinical trial at the Kennedy Krieger
Institute in Baltimore, Maryland. Experts report
that Lorenzo’s oil is usually not effective if the neu-
rological impairment has already begun. Some
insurance companies will reimburse patients for the
medication, but many will not. As of 2003, a two-
month supply of Lorenzo’s oil costs about $440.

Signs and Symptoms of ALD

Boys with ALD exhibit poor memory, are with-
drawn, and perform poorly in school. They may
also have learning disabilities, seizures, poor mus-
cle coordination, vision problems, deafness, diffi-
culty walking (gait disorders), increased skin
pigmentation, and progressively worsening
dementia.

The symptoms and signs of adult-onset ALD
progress much more slowly than the childhood

form of the disease. However, this form of ALD can
also cause worsening brain deterioration.

With neonatal ALD, the signs and symptoms are
mental development delays, seizures, adrenal dys-
function, and an enlarged liver.

Women who are carriers of ALD and who have
mild symptoms of ALD may experience urinary
problems, worsening stiffness, and weakness in
their lower legs.

Diagnosis and Treatment

The diagnosis of ALD is initially made based on the
presenting symptoms and signs. A laboratory test is
available for VLCFA. It is a highly accurate test for
males who have ALD. The laboratory test is not
widely available, however, and it can be performed
only at a few specialized laboratories.

ALD can cause adrenal insufficiency in male
patients, which is a possible indicator of the dis-
ease. Blood tests will also show abnormalities of
the HYPOTHALAMIC-PITUITARY-ADRENAL AXIS (HPA
axis), such as high levels of the adrenocorticotrop-
ic hormone (AcTH). Female carriers typically do not
develop adrenal insufficiency, although they may
on rare occasion develop mineralocorticoid insuffi-
ciency (hypoaldosteronism).

A MAGNETIC RESONANCE IMAGING (MRI) test may
reveal classic patterns of the presence of ALD.
However, correctly diagnosing ALD in females is
much more difficult. The VLCFA test is accurate in
the majority (85 percent) of cases. In most cases of
women with ALD, though, results of adrenal tests
and brain MRIs are usually normal.

Patients with ALD may be treated with adrenal
hormones, which may be necessary to sustain the
patient’s life. As mentioned, some patients with
ALD are treated with Lorenzo’s oil. A bone marrow
transplant is another treatment option, though it is
experimental and very dangerous. A bone marrow
transplant will decrease the amount of VLCFA in
the tissue. Unfortunately, it does not seem to
reverse any of the neurological deficits that the
patient experiences, and thus, it is not usually
recommended for patients with either adult-onset
ALD or neonatal ALD.

For further information on ALD, contact the fol-
lowing organizations:
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The Myelin Project

1747 Pennsylvania Avenue Northwest
Suite 950

Washington, DC 20006

(202) 452-8994
http://www.myelin.org

National Institute of Neurological Disorders
Building 31, Room 8A-96

31 Center Drive

MSC 2540

Bethesda, MD 20892
http://www.ninds.nih.gov

National Organization for Rare Disorders (NORD)
P.O. Box 1968

55 Kenosia Avenue

Danbury, CT 06813

(203) 744-0100

http://www.rarediseases.org

United Leukodystrophy Foundation

2304 Highland Drive

Sycamore, IL 60178

(815) 895-3211 or (800) 728-5483 (toll-free)
http://www.ulf.org
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Endocrinology ¢ Metabolism 83, mno. 9 (1998):
3,163-3,168.

Moser, Hugo W., M.D., Ann B. Moser, and Steven J.
Steinberg. “X-Linked Adrenoleukodystrophy.” Available
online. URL: http://www.geneclinics.org/ profiles/
x-ald/details.html. Downloaded on February 15, 2004.

Moser, H. W.,, et al. “Adrenoleukodystropy: Survey of 303
Cases: Biochemistry, Diagnosis, and Therapy.” Annals
of Neurology 16, no. 6 (1984): 628-641.

AIDS (acquired immune deficiency syndrome) A
severe and, as of this writing, incurable but highly
treatable illness of the immune system. AIDS is
caused by the human immunodeficiency virus
(HIV). The time period from when the HIV virus is
actually contracted to when a person is diagnosed
with AIDS may be as long as 10 years or more,
although some people are diagnosed with AIDS

within two years of their initial infection with HIV.
People with AIDS also have an increased risk for
developing a wide variety of endocrine diseases and
disorders, such as ADDISON’s DISEASE, thyroid dis-
ease, HYPOGLYCEMIA, lymphomas, and PANCREATITIS.

Thyroid Disease

The thyroid diseases that patients with AIDS may
develop range from infections of the thyroid gland
to HYPOTHYROIDISM Or HYPERTHYROIDISM. They may
also develop EUTHYROID SICK SYNDROME, in which
their THYROID-STIMULATING HORMONE (TSH) level,
the key test for diagnosing thyroid disease, may be
only minimally abnormal.

Often patients with AIDS have abnormal levels
of thyroid hormones, such as total T4 or free T4.
Patients with AIDS also have abnormally high lev-
els of thyroid-binding globulin (TBG), which
increase as they become sicker. Because T4 is 99.7
percent bound (thus only a tiny amount is avail-
able to the cells for use), the increased TBG levels
will lead to increased total T4 levels. This finding
could lead the physician to believe that the patient
has developed hyperthyroidism. However, in this
case, this is a laboratory abnormality and is not
indicative of true thyroid disease. The clinical sig-
nificance of a rising TBG in AIDS patients is
unknown, causes no symptoms, and is not treated.

Some medications used to treat patients with
AIDS, such as rifampin (Rifampicin, Rifadin,
Rimactane), can affect the thyroid laboratory results
in patients with normal thyroid function. Some
patients who are already taking levothyroxine as a
thyroid supplement may need to take a higher dose
of their thyroid medication when they are taking
rifampin, as it will accelerate T4 metabolism.

Effects on the Adrenal Glands

Many AIDS patients have slightly increased
adrenocorticotropic hormone (ACTH) and cortisol
levels. As in many serious illnesses, the serum cor-
tisol levels can increase, which is the body’s reac-
tion to stress. At autopsy, many AIDS patients have
evidence of a cytomegalovirus (CMV) infiltration
of the adrenal glands. Overall, about one in 20
patients with AIDS have ADRENAL INSUFFICIENCY.
Most of this is secondary to CMV, tuberculosis, HIV
itself, hemorrhage, and tumors.
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Patients with AIDS also often have lower than
normal levels of adrenal androgens, such as dehy-
droepiandrosterone (DHEA). Androgen replacement
has not proven to be beneficial for these patients.

Some drugs that are given to patients with
AIDS, such as ketoconazole (Nizoral) or meges-
terol acetate (Megace), can also affect the adrenal
glands. For example, ketoconazole may cause
adrenal insufficiency by decreasing the patient’s
synthesis of cortisol. Megestrol acetate is used to
increase a patient’s appetite, but it may on occa-
sion also lead to the development of a secondary
adrenal insufficiency.

The hormone itself has some glucocorticoid
activity and thus can induce a Cushing’s syndrome-
type picture. If the drug is stopped suddenly, it can
lead to a condition of a secondary adrenal insuffi-
ciency because the production of ACTH from the
pituitary and corticotropin releasing factor (CRF)
from the hypothalamus have been suppressed. On
rare occasions, primary adrenal insufficiency has
been diagnosed in patients on megestrol; the etiol-
ogy is unknown.

Effects on the Pituitary Gland

Some studies have shown that the posterior pitu-
itary function, where desmopressin acetate
(DDAVP) is secreted after traveling from the hypo-
thalamus, is impaired in many hospitalized patients
with HIV. Additionally, as many as half of these
hospitalized patients had HYPONATREMIA (below-
normal levels of sodium in the blood due to the
presence of excessive water). In some cases, hospi-
talized patients were treated with trimethoprim, an
antibiotic that can cause or contribute to the devel-
opment of hyponatremia.

Gonadal Function

As AIDS progresses, the testosterone levels of
patients decrease, but FOLLICLE-STIMULATING HOR-
MONE (FSH) and LUTEINIZING HORMONE (LH) do not
decrease appropriately. As a result, patients can
develop hypogonadotropic hypogonadism. In
women with AIDS, the serum testosterone levels
are usually slightly below those of their age-
matched controls.

Effect on the Pancreas

Autopsies of patients with AIDS have revealed many
pancreatic abnormalities that were not diagnosed

prior to death. Studies have shown that infections
and malignancies of the pancreas were much more
common among deceased AIDS patients than
among individuals who died of other causes.

Patients with AIDS may also have an increased
risk for developing INSULIN RESISTANCE and HYPER-
GLYCEMIA. Some patients initially experience hypo-
glycemia (low blood sugar) and later develop
hyperglycemia.

Treatment with pentamidine (Nebupent or
Pentaur) apparently increases the risk of the
patient developing both hypoglycemia and dia-
betes. Treatment with megestrol acetate, a drug
used to counteract anorexia (the loss of appetite,
not to be confused with anorexia nervosa) and
cachexia (a wasting away), both common charac-
teristics among patients with AIDS, can sometimes
cause diabetes mellitus.

Other Endocrine Effects

Other drugs that are given to many patients with
AIDS may cause endocrine disorders that will need
to be treated. For example, foscarnet (Foscavir)
that is given to improve OSTEOPOROSIS may cause
HYPOCALCEMIA and nephrogenic DIABETES INSIPIDUS.
Megestrol acetate may cause lowered testosterone
levels. Amphotericin B (Fungizone) that is given to
patients to treat life-threatening fungal infections
may result in renal (kidney) magnesium and potas-
sium wasting. AIDS patients on antiretroviral ther-
apy may develop lipodystrophy.

Growth Hormone as a Treatment

Some physicians have used growth hormone to
treat their patients with AIDS. Growth hormone
may help patients who suffer from cachexia. It has
also been shown to be partially effective in treating
HIV-induced lipodystrophy syndrome, perhaps by
helping reduce fat content and by increasing lean
(muscle) body mass.

See also CACHEXIA; GROWTH HORMONE; THYROID
BLOOD TESTS.

Grinspoon, Steven, and Marie Gelato. “Editorial: The
Rational Use of Growth Hormone in HIV-Infected
Patients.” Journal of Clinical Endocrinology € Metabolism
86, no. 8 (2001): 3,478-3,479.

Sellmeyer, Deborah E., and Carl Grunfeld. “Endocrine and
Metabolic Disturbances in Human Immunodeficiency
Virus Infection and the Acquired Immune Deficiency
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Syndrome.” Endocrine Reviews 17, no. 5 (1996):
518-532.

aldosterone A hormone synthesized by the adre-
nal glands (in the zona glomerulosa), that works to
maintain normal electrolyte (mostly sodium and
potassium) levels in the body as well as normal
blood pressure. Aldosterone prevents the loss of
salt and water when the patient is deficient in sodi-
um or has low blood pressure. Aldosterone levels
are regulated by the patient’s potassium and sodi-
um levels, blood pressure, angiotensin II, and renin
as well as by the activity of the person’s sympa-
thetic nervous system.

A severe illness may cause the aldosterone lev-
els to fall to very low levels. Either excessive levels
of aldosterone (hyperaldosteronism) or insufficient
levels of this hormone (hypoaldosteronism) will
cause medical problems for the patient.

Aldosterone levels may be measured in both the
blood and the urine. Patients who will be undergo-
ing a test for their aldosterone levels may be asked
to refrain from taking any diuretic medications,
antihypertensive drugs, oral contraceptives, estro-
gens, and real licorice candy for about four hours to
as long as one month before having the test to
avoid invalid or confusing test results.

Patients with abnormally high aldosterone levels
may have benign adrenal tumors, adrenal cancer, or
liver disease, such as cirrhosis, or may have heart
failure. Women in their third trimester of pregnancy
may also have abnormally high levels of aldosterone.

Very low levels of aldosterone (hypoaldostero-
nism) may occur due to the surgical removal of the
adrenal glands, ADDISON’S DISEASE, TYPE 2 DIABETES,
renal tubular acidosis type 4 (TRA 1V, also known
as hyporeninemic hypoaldosteronism), or the tox-
emia that can occur in pregnancy.

See also ALDOSTERONISM; BLOOD PRESSURE; CON-
GENITAL ADRENAL HYPERPLASIA; HORMONES.

aldosteronism Refers to excessive levels of
ALDOSTERONE within the bloodstream, a condition
classified as primary aldosteronism, secondary aldos-
teronism, or idiopathic aldosteronism. Most cases of
aldosteronism are associated with hypertension.
Primary aldosteronism, also known as primary
hyperaldosteronism or Conn’s syndrome, is usual-

ly caused and characterized by small benign adre-
nal tumors called aldosteronomas. Patients with
primary aldosteronism have hypertension,
hypokalemia (low potassium levels), and on occa-
sion, muscle weakness and/or nonspecific malaise.
Primary aldosteronism is also one of the few caus-
es of hypertension that can be cured and is seen
among only about 1-2 percent of all patients.
Women are more likely to experience this condi-
tion than men.

Secondary hyperaldosteronism is a more com-
mon condition than primary hyperaldosteronism.
Possible causes, in addition to hypertension, include
heart failure, cirrhosis of the liver, or nephrotic syn-
drome. This ailment is caused by increased levels of
aldosterone that have been induced by low blood
pressure or other factors that may impair blood flow
and/or the delivery of salt to the kidney. When this
occurs, the kidney increases the production of
aldosterone in an attempt to save salt and water and
thus restore normal blood pressure and blood flow
to the kidneys. Doctors can distinguish primary
aldosteronism from secondary aldosteronism by
measuring the patient’s plasma renin levels.

Idiopathic aldosteronism is another form of the
medical problem. It is found primarily among
men. Patients with this condition are usually
hypertensive.

Signs and Symptoms
Many patients with either primary or secondary
aldosteronism have no signs or symptoms. If symp-
toms are present, they may include:

e Headaches
e Frequent urination
e Muscle cramps

e Muscle weakness and paresthesias (pins and nee-
dles); these symptoms are less frequently seen

Diagnosis and Treatment

Doctors who suspect aldosteronism will perform a
physical examination and take a complete medical
history. The patient’s blood pressure is usually at
least somewhat high. Routine laboratory tests for
conditions such as hypokalemia or hypomagne-
semia (low magnesium levels) may indicate the
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presence of aldosteronism. In fact, as many as 80
percent of patients with aldosteronism have
hypokalemia.

Because low body potassium can impair the
ability of the pancreas to produce insulin, patients
with aldosteronism may also have abnormal glu-
cose tolerance blood test results. Plasma renin lev-
els are suppressed in patients with primary
aldosteronism and are high in patients with sec-
ondary aldosteronism. The cortisol blood levels are
usually normal.

After a biochemical diagnosis of primary hyperal-
dosteronism is made, and only then, imaging studies
are obtained. COMPUTERIZED TOMOGRAPHY (CT) scans
can reveal most aldosteronomas present in the adre-
nal glands. On some occasions, MAGNETIC RESONANCE
IMAGING (MRI) and nuclear scans may be necessary
to diagnose these lesions, which can be quite small.

If aldosteronomas are found, the preferred treat-
ment is usually to remove the adrenal gland that
contains them surgically (adrenalectomy). Existing
hypertension improves shortly after the surgery is
performed in about a third of patients. Some
patients may also need spironolactone (Aldactone),
an aldosterone agonist, for about three to four
weeks before having the surgery. This therapy min-
imizes the risk of postoperative hypoaldosteronism
as well as helps the body achieve normal potassium
levels before surgery. Some patients have laparo-
scopic adrenalectomies. Although technically diffi-
cult for the surgeon, these procedures often give
patients faster and easier recoveries.

When patients have idiopathic aldosteronism,
they are usually not treated with surgery. Instead,
they are treated with spironolactone therapy, with
dosages ranging from 25-400 mg per day.
Unfortunately, spirolactone is associated with many
side effects, especially when patients take more
than 100 mg per day. Side effects may include
fatigue, ERECTILE DYSFUNCTION, GYNECOMASTIA
(breast enlargement in males), hyperkalemia, irreg-
ular menstruation, and gastrointestinal problem:s.
To minimize these side effects, men are usually pre-
scribed 50 mg or less per day of spironolactone.

See also BLOOD PRESSURE/HYPERTENSION.

Ganguly, Arunabha, M.D. “Primary Aldosteronism.” New
England Journal of Medicine 339, no. 25 (December 17,
1998): 1,828-1,834.

Sawka, Anna M., M.D., et al. “Primary Aldosteronism:
Factors Associated with Normalization of Blood
Pressure After Surgery.” Amnals of Internal Medicine
135, no. 4 (August 21, 2001): 258-261.

alternative medicine Refers to nontraditional or
complementary medicine that relies on herbs, sup-
plements, and other treatments such as acupunc-
ture or massage therapy, rather than on traditional
prescribed medications and over-the-counter treat-
ments.

Dietary supplements, also known as nutraceuti-
cals, are also popular with proponents of alterna-
tive medicine. In fact, alternative remedies are
popular among many consumers. Some are seek-
ing a quick fix for their often chronic medical prob-
lems. Others hope for improved general health or
longevity by taking vitamins, minerals, and other
substances. As a result, alternative medicine has
become a multibillion dollar business in the United
States.

Some individuals encourage people with
endocrine diseases to use vitamins, herbal reme-
dies, and supplements. For example, as of this writ-
ing, some purveyors of medications over the
Internet encourage the use of coconut oil or sea
kelp as a substitute for thyroid hormone or to
increase the overall METABOLISM. This is dangerous
advice. Individuals with HYPOTHYROIDISM need to
take prescribed LEVOTHYROXINE to treat their
hypothyroidism or they risk a serious worsening of
their condition. In addition, people who have not
been diagnosed with any thyroid disease should
not seek to increase their metabolism with herbal
remedies or other drugs.

Diseases such as DIABETES MELLITUS, hyperten-
sion, and many other serious chronic diseases can-
not be cured with herbal remedies and may, in fact,
be worsened by them. In addition, some patients
may take an herbal remedy or supplement instead
of a proven medication for their illnesses, which
can lead to a worsening of their illness.

Vitamins, Herbs, and Supplements
According to an article published in a 2002 issue of
the Journal of the American Medical Association, a sur-
vey of about 2,600 individuals ages 18 and older in
the United States revealed that 40 percent of this
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population took vitamins and minerals and 14 per-
cent took at least one herbal or other supplemental
drug. Among prescription drug users, an average of
16 percent took an herbal remedy or supplement.
The greatest users of herbal remedies or supple-
ments were patients taking fluoxetine (Prozac) or
22 percent of this group. Clearly, a large number of
people in the United States use herbal remedies.

Multivitamins were the most popular vitamin
used by the survey subjects, followed, in order of
popularity, by vitamin E, vitamin C, calcium, mag-
nesium, zinc, folic acid, vitamin B12, vitamin D,
and vitamin A. The most popular herbal remedies
and supplements were, in order, starting with the
bestselling: ginseng, ginkgo biloba, Allium sativum,
glucosamine, Saint-John’s-wort, Echinacea angusti-
folia, lecithin, chondroitin, creatine, and Serenoa
repens. Because of changes in advertising as well as
trends among consumers, the most popular herbs
and supplements among consumers will likely
change from year to year. However, it is also like-
ly that vitamins, herbs, and supplements as a
group will continue to be popular among many
consumers.

In 2003, the American Academy of Clinical
Endocrinologists (AACE) published a comprehen-
sive monograph providing information on dietary
supplements and nutraceuticals. According to this
report, nutraceuticals are “dietary supplements
that contain a concentrated form of a presumed
bioactive substance originally derived from a food,
but now present in a nonfood matrix, and used to
enhance health in dosages exceeding those obtain-
able from normal foods.”

The report further explains that there are some
disease-related claims, made by purveyors of
nutraceuticals, that are actually approved by the
Food and Drug Administration (FDA) and support-
ed by strong evidence. Examples of such claims
include calcium decreasing the risk of OSTEOPORO-
s18, fiber decreasing the risk of CANCER and coro-
nary artery disease, and soy protein decreasing the
risk of coronary artery disease. In contrast, the FDA
has particularly warned consumers against some
specific nutraceuticals, such as hydroxybutyric
acid, which can lead to seizure, coma, and death,
and plantain, which may cause myocardial infarc-
tion (heart attack).

Ban of Ephedra

In late 2003, the FDA issued an announcement
that the organization planned to ban all sales of any
dietary supplements containing ephedra and ma
huang. Because of the vagaries of the law sur-
rounding dietary supplements, the ban did not
become effective for 60 days from the date it was
issued. However, the FDA actively and immediate-
ly solicited consumers to cease their use of any
drugs such as ephedra and ma huang that contained
ephedrine alkaloids.

According to the FDA press release, “Ephedra is
an adrenaline-like stimulant that can have poten-
tially dangerous effects on the heart. FDA’s evalua-
tion also reflects the available studies of the health
effects of ephedra. This includes many studies
reviewed by the RAND Corporation, which found
little evidence for effectiveness other than short-
term weight loss, as well as evidence suggesting
safety risk. Other recent studies have also con-
firmed that ephedra use raises blood pressure and
otherwise stresses the circulatory system, effects
that have been conclusively linked to significant
and substantial adverse health effects like heart
problems and strokes.”

Supplements Promoted for
Endocrine Health, Questionably

Many manufacturers promote supplements and
nutraceuticals for improving endocrine health
although neither the AACE nor the FDA have eval-
uated the majority of these claims. For example,
coenzyme Q10 is promoted to improve hypercho-
lesterolemia, coronary artery disease, and conges-
tive heart failure, while chromium, magnesium,
vitamin E, zinc, and other supplements are claimed
to be effective in improving glucose control. There
is no evidence to date that such claims are valid.

Medication Interactions
May Occur with Alternative Remedies

Some dietary supplements and nutraceuticals
interact with medications that patients may already
be taking and thus may consequently boost, weak-
en, or somehow change the effect of the prescribed
drug. Saint-John’s-wort has a potential interaction
with many drugs, including amitriptyline (Elavil),
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simvastatin (Zocor), warfarin (Coumadin), and a
variety of oral contraceptives. Ginkgo leaf is known
to have potential drug interactions with aspirin,
warfarin (Coumadin), and trazodone (Desyrel).
Patients taking thyroid medication may experience
a drug interaction when also taking bugleweed, red
yeast, kelp, calcium, iron, or bonemeal.

Women who are taking estrogens may have a
drug interaction if they also take androstenedione,
chasteberry, grapefruit juice, fenugreek, licorice
root, saw palmetto, or Siberian ginseng. Patients
taking oral hypoglycemic medications may experi-
ence a drug interaction with many different sup-
plements or nutraceuticals, such as devil’s claw,
fenugreek, feverfew, garlic, ginger, guar gum, psyl-
lium, stinging nettle, and others. In one last exam-
ple, patients taking insulin may experience a
medication interaction if they also take chromium
or ginseng.

Reasons for the Popularity
of Alternative Remedies

Alternative medicine has a particular appeal for
patients with chronic diseases that cannot be cured
but can only be managed, especially illnesses or
conditions that are very difficult for patients to deal
with. Patients may become frustrated with their
physicians and seek something more than what
their doctors can provide. Unfortunately, patients
also often fail to report the use of alternative med-
icines to their physicians and, consequently, risk
dangerous medication interactions.

Sometimes doctors recommend alternative
medicine to their patients. According to the
National Center for Health Statistics in the
“National Ambulatory Medical Care Survey: 2000
Summary,” physicians ordered alternative thera-
pies at 31 million visits in the United States in
2000. There were a total of 823.5 million visits to
physicians in 2000, bringing the number of times
that alternative remedies were recommended to
about 4 percent of the total visits.

Benefits of Alternative Medicine

Supporters of alternative medicine and treatments
say that herbal supplements, acupuncture, and other
alternative options may provide relief to patients
with chronic problems who have gained little or no

relief from following conventional medical treatment
and therapies. For example, massage therapy or
acupuncture may provide temporary relief for
patients with aching muscles and stress-induced ten-
sion that have not responded to medications.
Occasionally, clinical studies back up the claims
of alternative medicine proponents. For example,
studies have indicated that patients with some
chronic diseases, such as osteoarthritis, may bene-
fit from taking regular dosages of supplements such
as glucosamine. The problem is that many patients
may generalize from these specific benefits, assum-
ing that if glucosamine improves their arthritis,
then another herb may improve their diabetes,
thyroid disease, heart disease, or other serious
chronic ailment. This is not a valid assumption.

Potential Problems with Alternative Remedies

Many people mistakenly believe that alternative
remedies are inherently safe because they are nat-
ural. (Most prescribed medications are or were also
plant based.) At the same time, some people
believe that herbal remedies and supplements are
somehow more powerful than medications pre-
scribed to them by their physicians.

Despite this common belief in the inherent safe-
ty and efficacy of supplemental remedies, the
reverse has been shown to be true. For example,
when considering the safety issue, researchers have
found that some drugs sold over the counter as
herbal remedies actually contained prescribed
drugs not listed on the container, such as testos-
terone. Other herbal remedies have been found to
contain dangerously high levels of lead, mercury,
and even arsenic.

Some forms of alternative medicine have caused
disease or even death. A study in Japan reported
that some Chinese dietary supplements were asso-
ciated with causing HYPERTHYROIDISM and liver fail-
ure. In the United States in 2003, a baseball player
died, reportedly from using a drug that contained
ephedra. His was not the first death from using this
supplement. Some herbal remedies are known to
have toxicities. For example, licorice root and ma
huang are cardiotoxic (dangerous to the heart),
chapparal leaf, ma huang and pennyroyal oil are
hepatotoxic (dangerous to the liver), and nux vom-
ica and starfruit may cause convulsions.
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This does not mean that all or even most herbal
remedies are dangerous or toxic; however, it is very
important for consumers to discuss their plan to take
any such drug with their physicians beforehand.

Additionally, there is very little standardization
from one manufacturer’s herbal remedy or supple-
ment to that produced by another manufacturer.
Registered pharmacist Peter De Smet stated in his
2002 article in the New England Journal of Medicine,
“Standardization of herbal remedies can be diffi-
cult, because herbs contain complex mixtures and
because the constituents responsible for the
claimed effects are often unknown. Since herbal
remedies are exempt from rigorous regulation in
the United States, there may be considerable varia-
tion in the composition of an herbal remedy among
manufacturers and lots, as well as discrepancies
between label information and actual content.”

The Dietary Supplement and
Health Education Act
The Dietary Supplement and Health Education Act
in the United States has been a key force behind
the explosive sales growth of herbs and supple-
ments. Many people in the United States are
unaware that herbs and supplements fall under the
Dietary Supplement and Health Education Act,
enacted by Congress in 1994.

This law upholds different standards and
requirements for herbs and supplements compared
with those held for both prescribed drugs and over-
the-counter drugs in the United States. This law is
also the reason why the FDA had such difficulty
banning ephedra.

Many physicians believe this is a bad law. They
feel it is far too lenient and believe that producers
of herbs and other supplements should be subject
to the same regulations that govern over-the-
counter medications and prescribed drugs.

Those who produce herbal remedies and supple-
ments have a broad freedom to sell their wares and
do not have to perform extensive clinical testing
beforehand, as must be done with prescribed and
over-the-counter drugs. In addition, the FDA must
prove that an herb or supplement is dangerous
before removing it from the consumer market. As of
this writing, politicians and drug companies contin-

ue to battle over whether the Dietary Supplement
and Health Education Act should be made stricter.
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amenorrhea Absence of the menstrual period in
a woman or girl who would normally menstruate.
Pregnancy is a normal cause of amenorrhea. In the
absence of a pregnancy, most women of childbear-
ing age should menstruate unless the uterus has
been surgically removed, as with a hysterectomy.
Amenorrhea may also be an indicator of an under-
lying illness or of INFERTILITY.

Primary Amenorrhea

Primary amenorrhea is a condition diagnosed in a
woman who has failed to menstruate by the age of
18 years. Most females menstruate well before that
age. However, if other pubertal changes have
occurred, such as pubic and underarm hair and
breast development, most doctors do not worry
about the failure to menstruate until a female is 18
years old or older. They may, however, order clini-
cal tests to reassure the patient about her health,
including tests for estrogen levels and thyroid levels.

Doctors diagnose primary amenorrhea by taking
a careful medical history, finding out the age of the
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patient’s mother when she began to menstruate (in
the event that late-age menstruation is common
for the family), and asking about a present possible
pregnancy as well as any recent weight changes
and any gynecological surgery the woman has had.
All of these factors can affect menstruation.

Some diseases that may cause primary amenor-
rhea are ACROMEGALY, ANOREXIA NERVOSA, Stein-
Leventhal syndrome, TURNER SYNDROME, HERMA-
PHRODITISM, DIABETES, Crohn’s disease, tuberculosis,
thyroid disease, and heart disease. A tumor such as
a prolactinoma may also cause amenorrhea.

If a patient is diagnosed with primary amenor-
rhea, doctors should check for cryptomenorrhea, a
condition in which menstruation occurs but an
imperforate hymen or other obstruction prevents
the blood from leaving the body. The doctor may
order X-rays of the patient’s hands to determine
the patient’s bone age. If bones have fused, adult
growth has been achieved, and menstruation
should have commenced. If the bones have not yet
fused, the first menstruation (menarche) may be
anticipated to occur within a short period. Of
course, a pelvic examination should also be per-
formed by a gynecologist to check for the presence
of any abnormalities.

When no medical problems are identified, doc-
tors usually advise the female to come back in six
months for a follow-up examination.

Secondary Amenorrhea

When a nonpregnant woman who has menstruat-
ed in the past has not menstruated for three or
more consecutive months, she may be diagnosed
with secondary amenorrhea. Doctors need to dis-
tinguish between amenorrhea and oligomenorrhea
(which are scanty menstrual periods with fewer
than 90 days between them).

As with primary amenorrhea, patients with sec-
ondary amenorrhea need a thorough physical
examination and the taking of a complete medical
history. They will also need a pelvic examination
and appropriate laboratory tests.

Causes of secondary amenorrhea may include
the following: ovarian cysts or tumors, POLYCYSTIC
OVARY SYNDROME, pituitary damage caused by post-
partum hemorrhage, and an endometrium that
was destroyed in an overzealous curettage

(ASHERMAN’S SYNDROME). Some drugs, such as bar-
biturates, corticosteroids, ORAL CONTRACEPTIVES,
and some tranquilizers, may also cause amenor-
rhea. In addition, arduous physical exercise, such
as is seen with ballet dancers or professional ath-
letes, may cause amenorrhea. Rarely, secondary
amenorrhea is caused by ANDROGEN EXCESS Or
hyperandrogenism, which is an excessively high
level of male hormones.

If the cause of the amenorrhea is resolved, then
menstruation may either resume again or start for
the first time in a female who has not menstruated
before.

See also ANDROGEN RESISTANCE; ANDROGENS; EAT-
ING DISORDERS; MENSTRUATION, PAINFUL; POLYCYSTIC
OVARY SYNDROME; THYROTOXICOSIS.
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American Association of Clinical Endocrinologists
(AACE) The leading professional organization of
physicians who specialize in the clinical evalua-
tion and care of patients with a variety of
endocrine disorders, such as DIABETES MELLITUS,
thyroid disease, OSTEOPOROSIS, and other illnesses.
The AACE was founded in 1991 and has over
4,000 members from the United States and 63
other countries.

The AACE publishes a monthly peer-reviewed
clinical journal, Endocrine Practice. It has also pub-
lished numerous clinical guidelines on such topics as
HYPERTHYROIDISM, HYPOTHYROIDISM, HYPOGONADISM,
the Women’s Health Initiative, and many other
important topics.

The organization sponsors a yearly scientific
clinical session where the latest advances in the
diagnosis and treatment of endocrine disorders are
reviewed and discussed.

The AACE offers annually updated, patient-ori-
ented press releases to the public, including such
releases as “Thyroid Awareness,” “Stand Strong
Against Osteoporosis,” and “A Campaign for
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Intensive Diabetes Self-Management.” This infor-
mation can be reviewed at the AACE Web site:
www.aace.com. Patients can also go to this Web
site to locate an endocrinologist near them who has
an interest in their particular endocrine-related
problem.

For further information, contact the AACE:

AACE

1000 Riverside Avenue, Suite 205
Jacksonville, FL 32304

(904) 353-7878
http://www.aace.com

American Diabetes Association (ADA) A non-
profit organization formed in 1940 by physicians
concerned about diabetes treatment and research.
Their mission is to prevent and cure diabetes as
well as to improve the lives of everyone affected by
the disease.

Along with major federal agencies, the ADA has
cosponsored very large and significant clinical trials
of patients with diabetes, such as the Diabetes
Control and Complications Trial (DCCT), as well as
many other important studies.

The American Diabetes Association provides
information to both diabetes medical professionals
and to consumers with diabetes. The organization
produces the four most widely read, professional
peer-reviewed journals published on diabetes,
including Diabetes, Clinical Diabetes, Diabetes Care,
and Diabetes Spectrum. In addition, the ADA pub-
lishes a weekly online newsletter, DIABETES E-
News Now! available with other newsletters that
individuals can sign up to receive at http://
diabetes.org/site/PageServer?pagename=EM_signup.

The ADA also sponsors an online community
forum, where patients and other interested indi-
viduals may discuss issues about diabetes of any
type. The ADA Web site posts a tip of the day as
well as information on opportunities to volunteer
and donate to the ADA. In addition, the Web site
also offers access to a vast array of diabetes-related
resources. The ADA also has an advocacy center
that allows people to advocate for their own dia-
betes-related causes in their local and state govern-
ments as well as the federal government.

For further information, contact the ADA:

American Diabetes Association (ADA)

1701 North Beauregard Street

Alexandria, VA 22311

(703) 549-1500 or (800) 342-2383 (toll-free)
http://www.diabetes.org

American Thyroid Association (ATA) An organiza-
tion of physicians and scientists interested in scientif-
ic research on the thyroid gland. The primary mission
of the American Thyroid Association is to foster and
support thyroid research, both on normal thyroid
physiology and disease states. The organization also
aims to disseminate new information on the thyroid
gland to clinicians, researchers, and the general pub-
lic. The Web site of the American Thyroid Association
has a section, set aside for patients, that offers infor-
mation on specific thyroid issues.

The American Thyroid Association publishes the
journal Thyroid, which has clinical and basic science
articles on the problems and physiology of the thy-
roid gland. It also publishes Clinical Thyroidology, a
synopsis of research studies accompanied by expert
commentary. The ATA advocates for the public in
areas such as patient testing, public health issues,
and insurance coverage. In addition, the ATA pub-
lishes updated laboratory guidelines for physicians,
laboratories, hospitals, and teaching purposes.

For further information, contact:

American Thyroid Association
6066 Leesburg Pike, Suite 550
Falls Church, VA 22041

(703) 998-8890
http://www.thyroid.org

anabolic steroids Refers to a group of syntheti-
cally created steroids that typically have glucocorti-
coid and androgen-like effects. These drugs are
sometimes used illegally by body builders seeking
to increase their muscle mass more quickly than
weight lifting efforts can achieve. The term anabolic
refers to the ability of these compounds to help build
up the body, typically by increasing the incorpora-
tion of amino acids into proteins. The naturally
occurring steroids, such as the male hormones
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(androgens such as TESTOSTERONE) produced by the
testes, also have anabolic effects.

Anabolic steroids have systemic effects. Their
use will also lead to oily skin, acne, increased hair
growth in places other than the scalp, decreased
hair growth on the scalp, and often cause users to
have a more aggressive temperament.

As of this writing, grand jury hearings have been
held about the use of illegal anabolic steroids by both
amateur and professional athletes. In addition, a new
anabolic steroid known as tetrahydrogestrinone
(THG) was uncovered by authorities in 2003 and was
subsequently banned by the Food and Drug
Administration (FDA). This drug was formerly unde-
tectable by even very sophisticated testing methods;
however, the detection of this steroid is now possible.

Synthetic androgens are also available for med-
ically indicated reasons, such as hypogonadism, or
serious chronic conditions, such as the human
immunodeficiency virus (HIV), severe burns, liver
failure, pulmonary (lung) disease, kidney failure,
wound healing, and postoperative recovery.

Androgens are also given to men with some
forms of advanced CANCER, particularly prostate
cancer. For men with prostate cancer, testosterone
makes cancer grow. By suppressing testosterone,
men’s lives can be extended, sometimes for years.
(Androgen therapy is not, however, a cure for
prostate cancer or for any other form of cancer.)

For further information on the abuse of anabol-
ic steroids, contact:

National Institute on Drug Abuse (NIDA)
6001 Executive Boulevard

Room 5213

Bethesda, MD 20892

(301) 443-1124
http://www.nida.nih.gov

See also ANDROGENS.

Basaria, Shehzad, Justin T. Wahlstrom, and Adrian S.
Dobs. “Anabolic-Androgenic Steroid Therapy in the
Treatment of Chronic Diseases.” Journal of Clinical
Endocrinology ¢ Metabolism 86, no. 11 (2001):
5,108-5,117.

androgen excess The overproduction of male
hormones; usually a problem experienced in

women; also known as hyperandrogenism.
Androgens are produced in the testes, ovaries, and
the adrenal glands. Thus, an evaluation of this
problem must sort out the degree of the excess and
where the excess androgens are produced.

Androgen excess may result in HIRSUTISM in
women (excessive body hairiness), acne, and
AMENORRHEA (failure to menstruate) or oligomen-
orrhea (infrequent menstruation). Women with
androgen excess may also have problems with hair
loss (alopecia) rather than with hirsutism. Some
women with severe androgen excess may also
experience a deepening of their voice, clitoral
enlargement, and increased muscle mass, symp-
toms known as virilization. When virilization is
present, the physician must consider the possible
diagnosis of an androgen-producing tumor, either
benign or malignant.

Excessive levels of androgen may be a genetic
problem. Androgen excess may also be caused by
illnesses, such as ADRENAL CORTICAL CANCER, CON-
GENITAL ADRENAL HYPERPLASIA, OT POLYCYSTIC OVARY
SYNDROME.

androgen resistance Inability of the body to use
some or all of the male hormones that are natural-
ly produced. This problem is typically caused by a
genetic defect. It may be due to a problem with the
receptor for testosterone or due to an enzyme defi-
ciency (as in a deficiency of the 5-alpha reductase
enzyme that changes testosterone to dihydrotestos-
terone, the biologically active form of testosterone
within the cells).

As a steroid hormone, testosterone must bind to
the surface of the cell it is going to affect via a spe-
cific receptor. The receptor may be regarded as a
loading dock, albeit a loading dock that is very spe-
cific to testosterone. Thus, most other steroid hor-
mones are unable to bind (or dock) there as they
have the wrong three-dimensional shape for bind-
ing. Once the testosterone is docked, it must then be
internalized. Thus, the testosterone must be brought
into the cell and moved to the nucleus of the cell.
Once there, the testosterone will interact with the
DNA within that particular cell to cause its effects.

When binding to the DNA, testosterone can
stimulate the synthesis of new proteins or it may
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inhibit other processes. Thus, at any stage of the
process, a defective protein or bonding can lead to
androgen resistance because the androgen cannot
bind and cause the appropriate effects.

Androgen resistance may range from severe to
very mild forms. Three forms are described below.

Complete Androgen Resistance

At its most extreme, complete androgen resistance
(previously called testicular feminization) prevents
the development of normal male sexual character-
istics. Consequently, the individual looks like a
female but has no true uterus, ovaries, or vagina.
During puberty, the individual develops secondary
sexual characteristics, such as breasts; however,
since there is no uterus, the individual cannot
menstruate and is also infertile. These patients typ-
ically present during puberty, concerned because
they have never menstruated. (Genetically, they
are typically 46-X, Y and also have normal (for a
male) or elevated testosterone levels and elevated
luteinizing hormone (LH) levels.)

In some cases, the condition is actually
unknown to the individual and the family, who
have always assumed the person to be a female.
The androgen resistance is not discovered until the
time of expected puberty or even later, when the
individual attempts to get pregnant. At that time, it
is discovered that “she” is genetically a male, an
obviously shocking revelation. The testicular rem-
nants of the person are often found in the
abdomen or inguinal area. Thus, in women with
both primary amenorrhea and inguinal or labial
masses, this diagnosis must be suspected.

Note that complete androgen resistance is 7ot at
all the same as transsexualism or gender dysphoria,
which refers to a person who is born genetically and
physically a male (or female) but who, at a very
young age (as young as three or four years old), feels
trapped in the wrong body. For example, a male
feels he is truly female. These patients have normal
hormone levels for their genetic makeup, and they
do not have abnormalities of hormone resistance.

Incomplete/Partial Androgen Resistance

The two primary forms of incomplete or partial
androgen resistance are categorized as incomplete
androgen insensitivity and Reifenstein’s syndrome.

With incomplete androgen insensitivity, the patient
appears as a normal female with normal breasts and
external genitalia, with the exception of an
enlarged clitoris and/or fusion of the posterior labia.
In contrast, the patients who have Reifenstein’s
syndrome appear to be males, but they present with
GYNECOMASTIA (breast enlargement) and perineo-
scrotal hypospadias (an opening in the area behind
the scrotum or directly in the scrotum).

In both of these syndromes, infants present with
what is known as ambiguous genitalia. When eval-
uating these infants, the endocrinologist must also
consider the diagnoses of 5-alpha reductase defi-
ciency syndrome, mixed gonadal dysgenesis, and
other defects in the synthesis of testosterone.

Among males, the size of the penis is usually the
deciding factor for making the gender choice.
Having a very tiny penis (MICROPENIS) may lead to
the parents’ decision to raise the child as a female;
however, this is a controversial issue. (According to
authors Erica A. Engster, M.D. and Antoinette M.
Moran, M.D., in their chapter in Endocrine
Physiology, a micropenis in an infant is a penis that
is less than or equal to two centimeters in size.) In
other cases of partial androgen resistance, the child
is given large doses of testosterone to stimulate the
growth of the penis. If a course of testosterone fails
to induce growth, the parents may then be advised
to raise the baby as a girl.

Mild Androgen Resistance

In its mildest form, androgen resistance may lead to
symptoms such as infertility caused by insufficient
sperm (oligospermia) or to minimal breast enlarge-
ment. However, despite these signs, the individual
is clearly male in his physical appearance, orienta-
tion, and behavior.

Diagnosis and Treatment

The diagnosis of androgen resistance may be missed
altogether in some cases of complete androgen
resistance. This occurs when the family and doctors
assume that the individual is actually a female rather
than a male. However, if the child has both female
and male characteristics (incomplete testicular femi-
nization), the condition is usually diagnosed earlier.

Blood tests will reveal that for patients with
androgen resistance, testosterone levels are in the
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range for males rather than females. In addition,
levels of LUTEINIZING HORMONE (LH) will usually be
high. FOLLICLE-STIMULATING HORMONE (FSH) levels
will be in the normal range. An ultrasound test will
reveal that no uterus is present, and it may also
reveal the presence of intra-abdominal testes.

To differentiate androgen resistance from either
an androgen deficiency or a deficiency of 5-alpha
reductase enzyme, physicians may measure the
concentrations of both testosterone and dihy-
drotestosterone (DHT). Individuals who have
androgen resistance will have normal ratios of
testosterone to dihydrotestosterone. However, with
5-alpha reductase deficiency syndrome, the DHT
levels are decreased, and thus the testosterone to
DHR ratio is then increased.

If doctors find the presence of intra-abdominal
testes, these testes are usually removed after the
individual is fully grown as they serve no purpose
in an individual with a female gender identity and
could later become malignant. After puberty, the
individual with complete androgen resistance is
given estrogen replacement therapy in order to
maintain the female identity.

In rare cases, large doses of male hormone have
been given to induce a normal development of the
penis. For example, in an article in a 1989 issue of the
Journal of Clinical Endocrinology ¢* Metabolism, a baby
had a very small penis and small testes that could be
felt in the labialscrotal folds and had no vagina.

Laboratory tests revealed that the infant had
normal 5-alpha reductase activity and androgen
resistance. At the ages of 21/, and 3!/, years, this
child was given large doses of testosterone, which
resulted in the further growth of the penis and
also enabled the doctors to correct the child’s
hypospadias surgically. The doctors in this case
hypothesized that the androgen receptor function
causing the androgen resistance was successfully
treated by the high doses of androgen. It is
unknown if the boy later required any future
doses of androgen.

When the androgen resistance is mild and the
primary sign is infertility, treatment can be aimed
at increasing testicular function with medications,
such as human chorionic gonadotropin (HCG)
and gonadotropin-releasing hormone (GnRH.)

See also AMENORRHEA; HERMAPHRODITISM; HYPOG-
ONADISM; KLINEFELTER SYNDROME; OVARY; TESTES/TES-
TICLES; TURNER SYNDROME.

For turther information on androgen resistance,
contact the following organization:

Androgen Insensitivity Syndrome
Support Group (AISSG)

P.O. Box 2148

Duncan, OK 73534-2148

http://www.medhelp.org/ais

Engster, Erica A., M.D. and Antoinette M. Moran, M.D.
“Sexual Determination, Sexual Differentiation, and
Puberty,” in Endocrine Physiology. Madison, Conn.:
Fence Creek Publishing, 1998, 1,237-1,255.

Grino, P. B., et al. “Androgen Resistance Associated with
a Qualitative Abnormality of the Androgen Receptor
and Responsive to High Dose Androgen Therapy.”
Journal of Clinical Endocrinology € Metabolism 68, no. 3
(1989): 578-584.

androgens Male hormones that play a key role in
sexual development, sexual interest and ability,
muscle mass, weight, body hair, energy levels,
bone density, and other functions. The most promi-
nent male hormone is TESTOSTERONE, a hormone
that affects sexual desire and potency, muscle mass,
and the presence of body hair. Women also have
some testosterone, although the testosterone levels
in females are normally lower than those found in
most men. Most androgens in men are produced in
the TESTES. Some androgens are also produced by
the ADRENAL GLANDS.

When men become androgen deficient for any
reason, they will have less muscle mass, decreased
bone density (which may lead to OSTEOPOROSIS),
sparser body hair, and significantly decreased
libido. They may develop ERECTILE DYSFUNCTION,
although most men with very low androgen lev-
els may retain a normal ability to have erections
but find they have very little sex drive (as well as
other medical problems). The voice will remain
deep in the adult male because he has already
undergone puberty. However, hypogonadal men
may develop GYNECOMASTIA, or enlargements of
the breast tissue.
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Androgen Therapies

Low androgen levels seen with hypogonadism are
treated with supplemental androgens, typically in
the form of testosterone. Rarely, very small
amounts are used in boys who have delayed puber-
ty and then for only a short time. Androgen
replacement is available as an intramuscular injec-
tion or a topical gel or skin patch. It is also available
in pill form. However, pills are not used for long-
term replacement therapy as such use can lead to
serious problems, including tumors.

The topical approach is best, as it allows for
physiological concentrations of androgens in the
bloodstream. In contrast, when injections are used,
initially the testosterone level normalizes, but then
it goes too high for several days, after which it
returns to normal. In addition, prior to the next
injection, the testosterone level may fall below nor-
mal. As a result, injections are best given every
10-14 days, although many men prefer to receive
them only every three to four weeks.

Some patients receive androgens to help control
Fanconi’s anemia or aplastic anemia. Androgens
are also used to treat sickle cell anemia or other
forms of blood diseases, such as the anemia caused
by kidney failure.

Women and Androgen Therapy

The main use of androgens in women is in the
treatment of decreased libido. In this situation, the
androgen is often combined with an estrogen, as in
the combination trade medications Estratest and
Estratest HS. On other occasions, an androgen is
used in the treatment of endometriosis, a condition
in which the cells from the endometrial lining
implant in a variety of places around the pelvis and
abdomen, causing the woman to develop pain,
menstrual derangements, and infertility. Women
taking such drugs may experience temporary mas-
culinizing side effects, such as HIRSUTISM, smaller
breast size, and INFERTILITY.

Abuse of Androgen Drugs

Some individuals, especially some athletes and body
builders, take artificially synthesized androgens, not
for a medical purpose but to increase their muscle
mass. The Drug and Enforcement Administration

(DEA) in the United States classifies these anabolic
steroids as controlled or scheduled drugs, just as
drugs such as narcotics are scheduled drugs.

Apparently, anabolic steroids can improve ath-
letic performance for some individuals. However,
their use may also cause severe side effects such as
liver damage, tumor growth in the liver and brain,
and wild personality swings, with fits of rage and
uncontrolled behavior. Other side effects include
acne, oily skin, increased blood pressure, infertility,
sleep apnea, and gynecomastia.

Women who abuse androgens may experience
acne, hirsutism, amenorrhea, and virilization.

Although men and women may both develop
psychological and physical dependencies on ana-
bolic steroids, most abusers are males. In some
cases, users become not only more aggressive but
may also exhibit symptoms of mental illness.

See also ANABOLIC STEROIDS; DELAYED PUBERTY;
HYPOGONADISM; HYPOGONADOTROPISM.

Bagatell, Carrie J., M.D., and William J. Bremner, M.D.
“Androgens in Men—Uses and Abuses.” New England
Journal of Medicine 334, no. 11 (March 14, 1996):
707-714.

anorexia nervosa A severe eating disorder and
psychiatric problem that is primarily characterized
by purposeful self-starvation. About 5 million
Americans suffer from anorexia nervosa. Some
experts define anorexia nervosa quantitatively as a
BODY MASS INDEX (BMI) of equal to or less than 17.5
kg/m2. (The average healthy person has a BMI
within the range of about 19-24.)

The term anorexia nervosa should not be con-
fused with the single word anorexia, which indi-
cates a usually temporary lack of appetite in people
who are ill. Individuals with anorexia nervosa are
usually hungry but purposely avoid food, often
because of a delusional belief that they are fat,
despite the fact that they are significantly below
normal in body weight. The condition can be life
threatening and may require the treatment of a
variety of specialists, including an ENDOCRINOLO-
GIST, a psychiatrist, and other physicians.

Occasionally, experts misdiagnose patients as
having anorexia nervosa because of a significant
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weight loss due to a different condition. This can
occur when the patient has ADDISON’S DISEASE, TYPE 1
DIABETES, GRAVES’ DISEASE, and other illnesses that
cause extreme weight loss. As a result, any individ-
ual suspected of having anorexia nervosa should
receive a thorough medical screening before a
definitive diagnosis is given.

Patients with anorexia nervosa also have a sig-
nificantly greater risk of abusing substances such as
alcohol, cocaine, and other drugs. According to
Food for Thought: Substance Abuse and Eating
Disorders, a 2003 report by the National Center on
Addiction and Substance Abuse at Columbia
University, researchers have found that teenage
girls with eating disorders have a five times greater
risk of abusing alcohol or illegal drugs than girls of
the same age who do not have an eating disorder;
a 50 percent risk versus a 9 percent risk.

Risk Factors

Anorexia nervosa occurs in about 1-2 percent of
the population. It is much more prominent among
females, who have a 20 times greater risk of devel-
oping the condition than males. Caucasian females
are more likely to develop anorexia nervosa than
women of other races, although females of other
races also exhibit this behavior. Women who are
active in modeling, ballet dancing, or athletic pur-
suits are more likely to develop anorexia nervosa
than others, as are females who are perfectionists.
Some studies indicate that overprotective parent-
ing may be a factor leading to the development of
anorexia nervosa.

When males exhibit anorexia nervosa, they are
more likely to be athletes or dancers, for whom
attaining and maintaining a specific weight is con-
sidered important by their peers.

A Genetic Problem

Some studies have indicated a genetic influence on
anorexia nervosa, with a seven to 12 times greater
risk among the relatives of individuals with
anorexia nervosa. A study of 672 female twins, ages
16-18 years, performed by K. L. Klump and col-
leagues and reported in a 2001 issue of Psychological
Medicine, identified 26 individuals with anorexia
nervosa who had a strong genetic component.

Sometimes adolescent girls with Type 1 diabetes
develop eating disorders such as anorexia nervosa.
Generally, the scenario is that a girl, once very slen-
der due to undiagnosed diabetes, is diagnosed with
the illness and properly placed on insulin therapy.
She gains weight with better blood glucose levels.
In addition, her appetite usually improves when
she is less ill, leading to a larger caloric intake.

The increased weight may greatly distress the
female adolescent. In an attempt to revert to her
former lower weight, an adolescent may radically
reduce the amount of food that she eats or may
manipulate her insulin dosages to induce a weight
loss. Some adolescents with diabetes will binge on
food and then purge (bulimia nervosa), although
such behavior does not appear to be characteristic
for the adolescent with diabetes.

Signs and Symptoms of Anorexia Nervosa

In addition to a significant weight loss, other indi-
cators of anorexia nervosa include:

e Menstrual problems or the lack of menstruation
(AMENORRHEA) for three or more months

e Very fine hair on the side of the faces and arms
e Thinning hair

e Brittle nails

e Unexplained fatigue

e Sensitivity to cold

e Light-headedness

Diagnosis and Treatment of Anorexia Nervosa

Doctors primarily diagnose anorexia nervosa based
on the signs and symptoms exhibited by a patient
as well as the presence of a significant weight loss
and a below-normal body weight. Laboratory tests
for patients with anorexia nervosa are often in the
normal range, although some patients are anemic
or hypoglycemic. Some tests of thyroid function
may be abnormal, such as abnormal levels of
reverse triiodothyronine (rT3). In most cases, if the
anorexia nervosa is resolved, any negative labora-
tory results will normalize as well.

Electrolytes will often be out of balance if the
patient has abused diuretic drugs or laxatives.
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Cortisol blood levels may be elevated. Scans of
bone loss indicate bone density abnormalities in as
many as 50 percent of patients with anorexia ner-
vosa. Experts report that bone loss can occur in
young anorexic women as early as six months from
the onset of the anorexic behavior.

Treatment for anorexia nervosa may include
taking antidepressants or other psychiatric medica-
tions as well as receiving psychological counseling.
Individuals who are severely ill will need hospital
care or long-term residential treatment. Generally,
hospitalized patients are those who are 25-30 per-
cent below the ideal body weight for their height.
In contrast, patients who are 85-90 percent of their
normal weight may often be treated successfully on
an outpatient basis.

Physicians treating patients with anorexia ner-
vosa need to be careful with what is known as
refeeding syndrome, a problem that may occur
when a severely anorexic patient is given meals
that are high in calories. This problem is most like-
ly to occur in the first two to three weeks of refeed-
ing. It may cause cardiovascular collapse and even
heart failure because the severely malnourished
person cannot cope with higher-than-normal (for
her) calories. To avoid this problem, the hospital-
ized patient should have the electrolyte levels,
especially of phosphorus, monitored at least every
other day. After several weeks of gaining weight,
such monitoring is usually no longer needed.

See also AIDS; DIABETES MELLITUS; EATING DISOR-
DERS; GHRELIN; PRADER-WILLI SYNDROME.

For further information on anorexia nervosa,
contact the following organizations:

National Association of Anorexia Nervosa and
Associated Disorders

P.O. Box 7

Highland Park, IL 60035

(847) 831-3438

http://www.anad.org

Becker, Anne E., M.D., et al. “Eating Disorders.” New
England Journal of Medicine 340, no. 14 (April 8, 1999):
1,092-1,098.

Colton, Patricia A., et al. “Eating Disturbances in Young
Women with Type 1 Diabetes Mellitus: Mechanisms
and Consequences.” Psychiatric Annals 29, no. 4 (April
1, 1999): 213-218.

Klump, K. L., et al. “Genetic and Environmental
Influences on Anorexia Nervosa in a Population-
Based Twin Sample,” Psychological Medicine 31, (2001):
737-740.

Mehler, Philip S., M.D. “Diagnosis and Care of Patients
with Anorexia Nervosa in Primary Care Settings.”
Annals of Internal Medicine 134, no. 11 (2001):
1,048-1,059.

National Center on Addiction and Substance Abuse at
Columbia University. Food for Thought: Substance Abuse
and Eating Disorders. New York: National Center on
Addiction and Substance Abuse at Columbia
University, 2003.

anovulation The failure to release an egg in the
ovulation process, which then leads to INFERTILITY.
Women with regular menstrual cycles typically
have predictable times of ovulation. Those women
with AMENORRHEA (failure to menstruate) usually
have complete anovulation and, thus, do not ovu-
late at all. Women with irregular cycles (oligomen-
orrhea) have an erratic pattern of ovulation.

Anovulation has many different etiologies (caus-
es). POLYCYSTIC OVARY SYNDROME (PCOS) is often a
cause of anovulation. Patients with PCOS often have
insulin resistance syndrome (IRS). In addition to IRS,
LUTEINIZING HORMONE secretions are often abnormal.
The combination leads to hyperandrogenism, the
likely underlying cause of the anovulation. Other
causes of anovulation are HYPOTHYROIDISM and
MENOPAUSE. The physician should screen the patient
for thyroid dysfunction before attempting any direct
treatment for anovulation.

Said Brinda N. Kalro, M.D., in a 2003 article in
Endocrinology and Metabolism Clinics, “With the avail-
ability of ovulation-inducing agents, there is a pos-
sibility that thyroid disorders may be overlooked in
women presenting with menstrual irregularities
and anovulation. Pregnancy in women with overt
thyroid disease is uncommon, but when it does
occur, it can be fraught with complications and
have grave consequences. Therefore, evaluation of
the thyroid axis in women presenting with thyroid
problems is imperative.”

Successful diagnosis and treatment of the under-
lying disease may resolve a woman'’s anovulation. If
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the cause cannot be determined, sometimes ovula-
tion can be stimulated with fertility drugs. These
drugs should be administered and monitored by a
physician who is experienced in treating women
with infertility.

Diagnosis of Anovulation

Before diagnosing a patient with anovulation, the
physician takes a thorough medical history and
gives the patient a physical examination, including
a pelvic examination. In addition, the physician
orders tests of the woman’s hormone levels, such
as luteinizing hormone (LH), FOLLICLE-STIMULATING
HORMONE (FSH), ESTRADIOL, progesterone, PRO-
LACTIN, and thyroid hormones.

The woman’s basal body temperature (her tem-
perature immediately upon arising in the morning)
may also be measured to determine if ovulation is
occurring, as there is an increase of 0.5-1.0 degree
Fahrenheit in body temperature during ovulation.
However, most physicians consider it more accu-
rate and simpler to measure hormonal changes in
the woman’s blood and/or urine than to rely upon
the woman’s basal temperature. An ultrasound
scan may also show the presence or lack of a devel-
oping follicle that precedes ovulation.

PCOS and Anovulation

According to experts, although PCOS is the most
common cause of anovulation, why anovulation
occurs with this endocrine disorder is unknown.
What is known is that women with PCOS and
anovulation present with normal serum FSH levels
and elevated LH levels. Usually there is also evi-
dence of hyperandrogenism leading to HIRSUTISM
(excess body hair within areas where women typi-
cally do not have hair but men do, such as on the
face and chest). In addition, the patient usually
does not menstruate (amenorrhea) or has infre-
quent menstrual periods (oligomenorrhea). The
woman’s ovaries may be found to be polycystic
(with multiple cysts) on an ultrasound.

In vitro fertilization, a procedure to create an
embryo outside the womb, is generally not the first
line of treatment for women with PCOS who wish
to become pregnant. Instead, the antidiabetes drug
metformin is generally the first therapy used for
infertility/anovulation it PCOS is suspected. Note

that metformin is not approved by the Food and
Drug Administration (FDA) for treating PCOS as of
this writing. Many times the changes that occur
with insulin resistance after taking this drug will
cause ovulation to occur in the first month of treat-
ment. As added benefits, metformin can also lead
to weight loss, decrease the risk of diabetes,
decrease the woman’s triglyceride levels, and also
diminish the androgen levels and help ameliorate
any hirsutism that is present.

If metformin fails to resolve infertility, an estrogen
therapy, such as clomiphene citrate, can be utilized.
This medication stimulates FSH secretion and leads to
ovulation in about 75 percent of patients, according
to Stephen Franks in his 2003 article for Endocrinology
and Metabolism Clinics of North America. If this treat-
ment does not work, ovulation may be successfully
induced with gonadatropin medications.

Patients may also be given injections of human
menopausal gonadotropin (HMG). Ultrasound
scans and measurements of estradiol will then
reveal if a follicle is produced. If not, the dosage of
the HMG is often increased and the doctor will
continue to monitor the patient.

When a dominant follicle is identified, the HMG
is stopped and the patient is given one intramuscu-
lar injection of human chorionic gonadatropin
(HCG) in order to trigger her ovulation. If this treat-
ment is not effective at causing ovulation to occur,
HMG is given again in order to create follicles.

Sometimes surgery is used to treat infertile
women with PCOS, particularly women who are
resistant to clomiphene. Such women receive a
laparoscopic ovarian diathermy. Patients may find
this procedure preferable to multiple injections.

See also FEMALE REPRODUCTION; THYROID BLOOD
TESTS.
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antibodies Proteins that are synthesized mainly
by B lymphocytes. Antibodies are also known as
immunoglobulins. There are five different classes
of antibodies, including IgG, IgA, IgD, IgE, and IgM.
The immune system creates immunoglobulins to
fight off foreign invaders, such as bacteria and
viruses. Many of the known autoimmune condi-
tions seen in endocrinology are caused by an
immunoglobulin-mediated attack, which then
leads to the damage and destruction of an organ.
HASHIMOTO’S THYROIDITIS is an example of an
autoimmune disease. With Hashimoto’s thyroiditis,
antibodies to thyroid protein, which are known as
peroxidase, are created. They gradually destroy the
thyroid gland, leading to HYPOTHYROIDISM. Often T
lymphocytes also participate in the destructive
autoimmune process, exacerbating it even further.

apolipoproteins Particles that circulate through-
out the body carrying blood, fats, or lipids.
Cholesterol and triglycerides are insoluble in plas-
ma and thus must be transported. They circulate as
lipoproteins, which are combinations of phospho-
lipids and apoproteins. The aproteins support the
structure of these particles, making them soluble in
the blood. They also activate enzymes critical for
normal lipid metabolism and act as targets for
receptors. They are recognized by the receptors on
cells and thus can dock and be taken up into those
cells for specific purposes.

There are five classes of lipoproteins. These
include chylomicra, high-density lipoproteins
(HDL), intermediate-density lipoproteins (IDL),
low-density lipoproteins (LDL), and very low-
density lipoproteins (VLDL).

As of this writing, researchers have identified at
least nine types of apolipoproteins. These
apolipoproteins can be measured and may repre-
sent surrogate measurements for lipid levels. If
apolipoprotein (apo) B levels are elevated, typical-
ly LDL levels are elevated. If apo A-I levels are
high, usually the HDL is high. At this time, they are
mainly used as research tools to study how the
body metabolizes these lipids and to help in design-
ing medical therapies to improve lipid levels and
decrease the risk of ATHEROSCLEROSIS.

Individuals with high levels of apolipoprotein B
may face a greater risk of suffering from coronary
heart disease since apo B is the primary protein
within LDL cholesterol. In contrast, apolipoprotein
E is associated with LDL cholesterol.

See also CHOLESTEROL; HYPERLIPIDEMIA.

Asherman’s syndrome Secondary amenorrhea
(cessation of menstruation) caused by damage to
and scarring of the endometrium. It is not a
reversible condition. Typically, Asherman’s syn-
drome is caused by a postpartum hemorrhage
(heavy bleeding) and an overzealous dilation and
curettage (D and C) procedure. Asherman’s syn-
drome can also occur after an instrumentation of
the uterus that leads to infection or inflammation.

The diagnosis of Asherman’s syndrome is con-
firmed by an ULTRASOUND that fails to reveal any
uterine lining stripe as well as by a failure of the
patient to have a withdrawal bleed after the admin-
istration of progesterone hormone. The lack of lining
and the scarring of the uterus can also be visualized
and the diagnosis confirmed by a hysteroscopy,
which is an instrument scan into the uterus.

Klein, S. M., and C. R. Carcia. “Asherman Syndrome: A
Critique and Current Review.” Fertility and Sterility 24,
no. 9 (1973): 722-735.

atherosclerosis/arteriosclerosis A complex
pathological condition in which the body reshapes
and also damages the surface of the blood vessels as
a direct consequence of various interactive meta-
bolic processes that involve lipids (fats), white
blood cells, antibodies, platelets, and other hor-
mones and proteins. The current theory about
what causes atherosclerosis is that most atheroscle-
rosis is a product of an inflammation of the
endothelium (the lining of blood vessels that comes
into direct contact with circulating blood). This
inflammatory process is ongoing and may progress
and regress, depending upon the local conditions to
which the endothelium is exposed.

If the damaging process to the vessel continues,
the blood vessel may become occluded (blocked).
However, more frequently, plaque accumulates
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from within the endothelium and finally ruptures
into the lumen of the blood vessel, exposing lipids
and other proteins directly into the bloodstream.
This sets off a massive cascade of events that per-
petuates the problem locally. The body harnesses
the white blood cells, proteins, hormones, inter-
leukins (hormones made by the white blood cells),
and the platelets, ultimately creating an occlusive
blood clot (thrombus).

This clot results in even more blocking of blood
flow and also prevents sufficient oxygen from
reaching the affected organ. Depending on the
severity of the blood flow blockage, atherosclerosis
may lead to a heart attack, stroke, or other serious
medical problems.

Experts now know that most myocardial infarc-
tions (heart attacks) occur in blood vessels that are
only initially less than 50 percent blocked but,
because of less stable caps on the vessel’s lining, are
much more likely to rupture. In contrast, vessels
that have not yet ruptured but have progressed to
80-99 percent occlusion have thick, fibrous cover-
ings which, although they limit blood flow, are
much less likely to rupture and lead to a complete
occlusion. In addition, as the condition has typical-
ly progressed slowly, the tissue that is endangered
has often had sufficient time to develop collateral
blood vessels upon which to rely. These are vessels
that have bypassed the diseased area and, thus,
help the organ—and the patient—to survive.

Risk Factors
Risk factors for atherosclerosis, include the following:
e High levels of “bad” cholesterol (low-density
lipoproteins)
e Low levels of “good” cholesterol (high-density
lipoproteins)
e Obesity
e DIABETES MELLITUS

e Hypertension

e An age of 65 and older (the risk for atheroscle-
rosis increases with age)

e Lack of exercise
¢ Insulin resistance syndrome

e A family history of atherosclerosis

Diagnosis and Treatment

Atherosclerosis is diagnosed by a physician taking a
complete medical history and doing a physical
exam. The physician will note any history of prior
heart attack, stroke, positive family history of ath-
erosclerosis, symptoms suggesting angina, transient
ischemic attack (TIA) (a ministroke), or claudifica-
tion. During the physical examination, the doctor
will check for the absence of pulses, presence of
bruises, and tobacco-stained fingers and teeth.
These may suggest the presence of atherosclerosis.

The doctor will also order laboratory tests to
measure factors that contribute to the development
of atherosclerosis, such as lipids, glucose, kidney
function, C-reactive protein (CRP), homocysteine,
and lipoprotein a (Lp a). Individuals who already
have atherosclerosis need treatment, usually in the
form of medications that improve their lipid pro-
tiles, lower their blood pressure, normalize their
glucose, and make their platelets less sticky. Some
individuals may respond well to taking very low
doses (81 mg) of aspirin, such as a baby aspirin,
each day.

Most physicians treating patients with athero-
sclerosis also recommend lifestyle changes. These
include stopping smoking, increasing the daily
intake of fiber, obtaining at least minimal exercise
every day, such as walking (30 minutes, five times
per week), and following a heart-healthy nutri-
tional plan.

See also CHOLESTEROL.



basal-bolus therapy The concept of treating pIA-
BETES MELLITUS with INSULIN by using a combination
of a long-acting (NPH/Lente/Ultra Lente) or very
long-acting (glargine) insulin with rapid-acting
(aspart, lyspo) insulin in order to mimic the normal
mode of insulin secretion in the pancreas. The basal
insulin is given once or twice a day to shut off pro-
duction of excess glucose from the liver, while the
bolus insulin is given to help metabolize the calo-
ries (mainly carbohydrates) that are consumed
with each meal or snack. This technique allows for
very tight control of blood glucose levels and
enables patients to vary the times and types of their
meals.

This therapy is also done with insulin pump
therapy, where one or more basal rates are prepro-
grammed, to allow the pump to deliver small
amounts of insulin continuously for 24 hours. The
patient “plugs in” boluses for each meal or snack,
depending upon the glucose level, anticipated car-
bohydrate intake and activity levels. For pump
patients, only short-acting insulin is used.

bisphosphonates Drugs used to treat patients
with OSTEOPOROSIS, PAGET’S DISEASE, humoral
hypercalcemia of malignancy, and disorders of dys-
trophic bone deposition. Bisphosphonates are par-
ticularly effective at inhibiting the action of 0sTEO-
cLAsTS, the cells that break down bone. They have
also been used to treat patients with cancer that
has metastasized (spread) to the bones leading to
bone pain and/or hypercalcemia. Some examples
of bisphosphonate medications are etidronate
(Didronel), alendronate (Fosamax), risedronate
(Actonel), zoledronate (Zometa), tiludronate
(Skelid), and pamidronate (Aredia).
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Many patients are now able to receive their bis-
phosphonate doses weekly due to the long half-
lives of the newer medications. (The medications
remain in the bone for a long time.) Typically, bis-
phosphonates are all poorly absorbed and must be
taken on an empty stomach with water only (not
coffee, tea, juice, or any fluids other than water).
Patients must then remain upright for at least one
hour, because these compounds can irritate the
esophagus and cause inflammation (esophagitis) or
ulceration if they reflux from the stomach into the
esophagus.

Newer bisphosphonates can also be given intra-
venously. The only indication for this treatment
currently approved by the Food and Drug
Administration is for humoral hypercalcemia of
malignancy and bone pain due to metastases.

As of this writing, researchers are trying to
develop bisphosphonates that can be given only
once per year for the treatment of osteoporosis.

See also HYPERCALCEMIA; OSTEOBLASTS.

Fleisch, Herbert. “Bisphosphonates: Mechanisms of
Action.” Endocrine Reviews 19, no. 1 (1998): 80-100.

blood pressure/hypertension Blood pressure is a
measure of diastolic and systolic pressure as exert-
ed upon the walls of the blood vessels and arteries.
Blood pressure may be temporarily elevated during
sickness or times of stress, or it may be temporarily
lowered. Hypertension refers to chronically high
levels of blood pressure. It is defined as a systolic
pressure (the upper number in the measurement of
blood pressure) of 140 mm Hg or higher and a dias-
tolic pressure (the lower number) of 90 mm Hg or
greater. About 50 million people in the United
States are hypertensive. Hypertension is most com-
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mon among African Americans and individuals age
65 years and older. The Pima Indians of Arizona
have the highest rates of hypertension in the world.

New Category of Prehypertension

In 2003, the National Heart, Lung, and Blood
Institute released new hypertension guidelines that
included a new prehypertension category of
patients. It includes individuals with systolic blood
pressures between 120 and 139 and diastolic blood
pressures between 80 and 89. Although prehyper-
tension is not a disease state, patients whose blood
pressure falls within this range should be carefully
watched by their physicians. In addition, if they
have specific additional medical problems, such as
DIABETES MELLITUS, chronic kidney disease, or a pre-
vious history of heart attack, or if they are at high
risk for coronary heart disease or recurrent stroke,
these particular prehypertensive patients should
also be given antihypertensive medications.

Causes of Hypertension

Hypertension is a medical problem accompanying
many endocrine diseases, such as HYPERPARATHY-
ROIDISM, ACROMEGALY, CUSHING’S SYNDROME, diabetes
mellitus, HYPERTHYROIDISM, PHEOCHROMOCYTOMA,
DIABETIC NEPHROPATHY, and ALDOSTERONISM. Other
causes of high blood pressure include obstructive
sleep apnea, kidney disease, and heart disease. In
most cases, hypertension is treated with recom-
mendations for therapeutic lifestyle changes, such
as appropriate nutrition, weight loss, exercise, and
stress management as well as medications. Rarely,
hypertension can be cured, such as when the cause
is aldosteronism or pheochromocytoma, conditions
that can be resolved with surgery known as an
ADRENALECTOMY.

Sometimes medication causes hypertension. For
example, ORAL CONTRACEPTIVES may raise an indi-
vidual’s blood pressure to hypertensive levels. They
often do so by increasing the synthesis of angio-
tensinogen in the liver, which is converted to
angiotensin, a potent vasoconstrictor on its own,
and which will also stimulate the adrenal glands to
synthesize excess aldosterone, leading to further
vasoconstriction and salt and water retention.
Smoking also exacerbates the risk for hypertension.

CLASSIFICATION AND MANAGEMENT OF
BLOOD PRESSURE FOR ADULTS

Category Systolic (mm Hg) Diastolic (mm Hg)
Normal Less than 120 and Less than 80
Prehypertension 120-139 or  80-89

Stage 1 hypertension  140-159 or  90-99

Stage 2 hypertension More than 160 or ~ More than 100

Source: National Heart, Lung, and Blood Institute. “JNC 7 Express: The
Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure.”
National Institutes of Health, National Heart, Lung, and Blood
Institute, National High Blood Pressure Education Program, NIH
Publication No. 03-5233, May 2003.

Diagnosis of Hypertension

Blood pressure is measured with a cuff device after
the patient has been sitting quietly for at least five
minutes in a chair. Hypertension is best diagnosed
by medical staff, such as the nurse or the doctor,
rather than by patients themselves using home
devices. At least two measurements of a patient’s
blood pressure should be taken to ensure accuracy.
Individuals who are smaller or larger than most
adults should be tested with a pressure device that
is suitable to their size and that can cover at least
80 percent of the patient’s arm. Once hypertension
has been established, home monitoring of blood
pressure may help patients to track their own blood
pressure levels and enable them to report any dra-
matic increases to their physicians.

Laboratory tests can provide further information
about hypertension. Doctors generally order a uri-
nalysis as well as blood tests that measure complete
blood count, serum electrolytes (especially sodium
and potassium), blood urea nitrogen (BUN) levels,
calcium blood levels, creatinine, glucose levels, and
plasma lipid levels. The patient’s urine may also be
checked for albumin excretion, and an electrocar-
diogram may be ordered as well.

Treatment of Hypertension

Most physicians treat hypertension by helping
bring down the patient’s systolic pressure. For most
patients, once their systolic pressure has dropped,
their diastolic pressure will fall as well. If hyperten-
sion is caused by or related to a medical problem,
successtul treatment of that medical problem
should improve the patient’s hypertension.
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Weight loss among obese individuals should
improve or even normalize high blood pressure.
Hypertension can also be treated with improvements
in diet; increasing the intake of fruits and vegetables
can lower blood pressure in many individuals. Highly
salted foods should be avoided. Foods rich in potassi-
um, such as bananas, should generally be consumed.
Some medications reduce potassium levels, making it
even more important that patients eat a diet that is
rich in potassium. Some patients will also need to
take supplemental potassium.

Patients who smoke should be advised to stop
smoking immediately to improve their blood pres-
sure levels. Patients who drink alcohol should
sharply curtail drinking or avoid alcohol altogether.
Male hypertensive patients should consume no
more than two drinks per day and females and
other individuals of lighter weight should limit their
consumption to a maximum of one drink per day.

Regular exercise is another important lifestyle
component of keeping hypertension within con-
trol. Even taking a brisk walk for 30 minutes on
most days of the week can be sufficient to improve
health for many hypertensive patients. Some exer-
cises, however, should be avoided, such as heavy
weight lifting or exercises that would tend to raise
the patient’s blood pressure.

Many people with high blood pressure need two
or more medications to keep their blood pressure at
an acceptable level. Many studies have shown that
the average patient with hypertension requires 3.5
drugs per day to normalize blood pressure. Many
different types of medications may be prescribed to
patients with hypertension, including thiazide-based
diuretics, beta-blockers, angiotensin-converting
enzyme (ACE) inhibitors, calcium channel antago-
nists, alpha-blockers, and angiotensin-receptor
antagonists. Each type of drug has its own indica-
tions, contraindications, and side effects.

Follow-ups on Patients with Hypertension
Once hypertension has been diagnosed, regular
follow-ups with a physician are essential. The tim-
ing of the medical follow-ups (weekly, biweekly,
monthly, or on some other schedule) is up to the
individual doctor. It usually depends on how
severe the hypertension is, how effective treatment

has been, as well as other factors, such as whether
the patient has another serious coexisting illness
such as diabetes. The patient’s serum creatinine
and potassium levels should be checked at least
once or twice each year.

In general, if blood pressure goals have been
reached, patients may be followed up at three- to
six-month intervals. However, patients with dia-
betes or heart disease may need more frequent vis-
its with their physicians.

See also ATHEROSCLEROSIS/ARTERIOSCLEROSIS;
CHOLESTEROL; HYPOTENSION; ORTHOSTATIC HYPOTEN-
SION; TYPE 1 DIABETES; TYPE 2 DIABETES.

August, Phyllis, M.D. “Initial Treatment of
Hypertension.” New England Journal of Medicine 348,
no. 7 (2003): 610-617.

blood sugar Refers to glucose, although other
forms of sugar can be found in the bloodstream.
Blood sugar can be measured by drawing a sample
of blood from a patient’s vein. It is now often
measured immediately in the doctor’s office, using
a glucose monitor and a small sample (one to 10
microliters) that is taken from a fingertip or the
forearm. The presence of unusually high levels of
blood sugar is referred to as HYPERGLYCEMIA, while
unusually low levels indicate HYPOGLYCEMIA.

People with sustained levels of hyperglycemia (a
fasting glucose that is greater than 126 mg/dl on
two occasions, or a random glucose level that is
greater than 200 mg/d, or an abnormal glucose tol-
erance test) are diagnosed with DIABETES MELLITUS,
typically either TYPE 1 DIABETES Or TYPE 2 DIABETES. If
the patient’s levels of blood sugar are above normal
but not high enough for a diagnosis of diabetes, he
or she may be diagnosed with PREDIABETES.

Individuals both with and without diabetes can
have hypoglycemia. This condition is typically
defined as a glucose level less than 55 mg/dl along
with the appropriate signs and symptoms of hypo-
glycemia.

Patients with prediabetes must work to get this
high blood sugar problem under control with a
proper nutrition plan and exercise. They are at risk
for developing diabetes. This is especially true if
there is a family history of diabetes.
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People with diabetes must maintain a glucose
level that is as close to normal as possible.
Numerous major studies have proven that keeping
blood sugar close to normal will greatly reduce the
risk for many complications of diabetes, such as
DIABETIC NEPHROPATHY, DIABETIC NEUROPATHY, and
DIABETIC RETINOPATHY.

See also IMPAIRED GLUCOSE TOLERANCE.

body mass index (BMI) A specific formula based
on an individual’s height and weight that helps to
determine whether a person is underweight, of
optimal weight, overweight, obese, or severely
obese. BMI is derived from a person’s weight in
kilograms divided by the height in meters squared.
For patients with very small frames or with signifi-
cant muscle mass, the calculation does not give a
very accurate assessment.

Since the mathematical formula is difficult for
most people to calculate easily, tables have been cre-
ated that enable patients to use their height in inch-
es and their weight in pounds to determine whether
they fit into the below-normal normal weight, over-
weight, obese, or severely obese category.

According to the National Heart, Lung, and
Blood Institute (NHLBI) of the National Institutes
of Health, weight categories of BMI are as follows:

Optimal weight: 21-24.9
Overweight: 25.0-29.9

Obese: 30-39.9

Severely obese: 40.0 and greater

According to the Centers for Disease Control
and Prevention (CDC), individuals with a BMI of
less than 18.5 are underweight.

Individuals with a BMI of 40 or greater are con-
sidered to be potential candidates for surgical inter-
vention with a gastric bypass procedure. Other
considerations for this procedure include the
regional distribution of the fat. For example, people
whose fat lies primarily around the waist area are
at greater risk for serious health problems than are
people whose fat is primarily located in their hip
area. Patients with a BMI of 35.0 who also have
other serious illnesses (comorbidities), such as dia-

betes and/or hypertension, may also be candidates
for weight loss surgery.

See also ANOREXIA NERVOSA; CUSHING'S SYN-
DROME/CUSHING’S DISEASE; EATING DISORDERS; GASTRIC
SURGERY FOR WEIGHT LOSS; OBESITY; PRADER-WILLI SYN-
DROME.

National Institutes of Health. “The Practical Guide:
Identification, Evaluation,
Overweight and Obesity in Adults.” National Heart,
Lung and Blood Institute, NIH Publication No.
00-4084, October 2000.

and Treatment of

bone age The age of a person based on the indi-
vidual’s skeletal maturity. Bone age is also known
as skeletal age. It is determined by taking X-rays of
the hand and the wrist (usually the left hand/wrist
of a child) and considering the size of the growth
plates at the ends of the bones (the epiphyses).
These bone shapes are then compared with stan-
dards to determine bone age. Usually the Greulich
and Pyle atlas of radiographic standards are used
for a comparison basis. X-rays taken to determine
an individual’s bone age can be easily misinterpret-
ed, however, and an experienced radiologist is cru-
cial to provide the correct interpretation.

The bone age represents a percentage of the
adult age, and it can also be used to calculate a
child’s growth potential. Delayed bone age can be
caused by HYPOTHYROIDISM, a growth hormone defi-
ciency, chronic illnesses, as well as other causes.

Sometimes physicians check the bone age in chil-
dren whose actual age and birth date are known,
such as in the case of adolescents who have a
DELAYED PUBERTY Or an EARLY PUBERTY or who have
experienced growth failure or delay. Sometimes the
child’s age is not known, such as with some children
adopted from foreign orphanages. The bone age
information will help the physician determine
whether further growth can be anticipated in a child.

If the child’s long bones (at the epiphyses) have
not yet fused, this is an indication that some poten-
tial for growth remains. Thus, if a child is age 12 or
older, is significantly shorter than normal for the
child’s age, and has a bone age of 9.5 years, the
child still has significant growth potential.
Conversely, if a child is age 17 and has a bone age
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of 18 years, the epiphyses are closed and the child
has no further potential for growth in height.

If a child has short stature and has growth hor-
mone deficiency, physicians may decide that
growth hormone can be prescribed as long as the
epiphyses are not yet fused.

See also GROWTH HORMONE.

bone diseases Illnesses that cause an underpro-
duction of bone mass, such as osteoporosis, an
overproduction of bone, such as PAGET’S DISEASE
and ACROMEGALY, or abnormal bone, seen to vary-
ing extents in OSTEOPOROSIS, fibrous dysplasia, and
Paget’s disease. Disorders of bone may be induced
by nonendocrine causes, such as cancer, infection,
vitamin deficiency, disorders of cartilage produc-
tion, and genetic defects.

Bone density can be measured using a variety of
techniques, most commonly with the dual-energy
X-ray absorptiometry scan (DEXA SCAN). Bone biop-
sies are helpful in some cases. Blood and urine tests
can help to determine the activities of the major
cells within the bone, namely, the osteoclasts,
which help to break down the bone, and the
osteoblasts, which help to create the new bone.

See also CALCIUM BALANCE; OSTEOBLASTS; OSTEO-
CLASTS; OSTEOMALACIA; OSTEOPENIA; OSTEOPOROSIS;
RICKETS.

bone mass measurement A test to determine the
density of bone mass. In most cases, bone mass is
measured with a dual-energy X-ray absorptiometry
(DEXA) scan. Typically, bone measurements are
made in the spine and the hip, but they can also be
taken in other areas of the body. With primary
hyperparathyroidism, cortical bone is lost prior to
trabecular bone. Thus bone density is also meas-
ured at the wrist, where there is a greater prepon-
derance of cortical bone.

An experienced clinician is needed to interpret
these X-rays, because osteoarthritis can falsely ele-
vate readings, especially in the spine. Positioning
the patient for the scan is critical, especially if serial
data are being compared, as there can be significant

differences in bone mineral density if even slightly
different areas of a bone are being measured.

Bone mass density can also be tested using what
is called quantitative computerized tomography
(QCT) scanning and can be estimated with forms of
ultrasound. However, this technique is primarily
used for screening as opposed to making serial
measurements.

Low bone mass density is computed at 2.5 stan-
dard deviations versus the peak bone mass seen in
a person of the same sex between the ages of 20-30
years old. This is known as the T-score. Another
measure, the Z-score, compares a patient’s bone
density with an age-matched control.

Low bone density is known as OSTEOPOROSIS.
Individuals with osteoporosis are at risk for devel-
oping serious fractures, particularly fractures of the
hip. Sometimes patients have a bone mass density
that is not sufficiently low to merit a diagnosis of
osteoporosis but that may be low enough to fit the
criteria for OSTEOPENIA. Patients with osteopenia
also need to work to improve their bone density so
that their condition does not further deteriorate to
the level of osteoporosis.

See also BONE AGE; CALCIUM BALANCE.

breast-feeding Providing nutrition to newborns,
older infants, and sometimes toddlers through milk
produced by a woman'’s breasts. Breast-feeding is
also known as lactation. Breast-feeding is strongly
encouraged in the United States and other coun-
tries as a positive and nutritious way to feed a baby.

Some studies have indicated that women with
HYPOCALCEMIA (below-normal levels of calcium in
their blood) may actually show improvement in
this condition during pregnancy and lactation,
largely because of the production of PROLACTIN, a
hormone linked to pregnancy, childbirth, and
breast-feeding. Some women who were hypocal-
cemic may even become temporarily hypercal-
cemic while breast-feeding, as may some women
with previously normal calcium blood levels.

A very small number of women, however, such
as women with DIABETES MELLITUS who have prolif-
erative retinopathy (an eye disease that may cause
blindness), should consider refraining from breast-
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feeding their babies. The act of breast-feeding can
worsen their retinopathy. Physicians have also dis-
couraged breast-feeding among women being treat-
ed for hyperthyroidism, although this view is
moderating. A recent report in the Journal of Clinical
Endocrinology € Metabolism, which studied 51 infants
who were nursed by mothers taking methimazole
(Tapazole), an antithyroid drug, revealed that the
babies had normal THYROID-STIMULATING HORMONE
(TSH) levels as well as other normal thyroid levels.
The children’s intellectual development, at 48 and
74 months, was normal as well.

See also HYPERCALCEMIA; INFANTS; POSTPARTUM
THYROID DISEASE; PREGNANCY.

For further information on breast-feeding, con-
tact:

La Leche League International
1400 North Meacham Road
Schaumburg, IL 60173-4840
(847) 519-7730
http://www.lalecheleague.org

Azizi, E, et al. “Thyroid Function and Intellectual
Development of Infants Nursed by Mothers Taking
Methimazole.” Journal of Clinical Endocrinology ¢
Metabolism 85 (2000) no. 9: 3,233-3,238.

bromocriptine (Parlodel) A medication that
increases dopamine secretion in the brain and can
be used to treat patients with hyperprolactinemia
(whether it is associated with a pituitary tumor or
not) and ACROMEGALY. Bromocriptine is a
dopamine agonist. This means that it is a medica-
tion that increases the amount of dopamine in the
brain and thus inhibits prolactin secretion from the
pituitary gland. It can cause some patients to expe-
rience significant nausea. Therefore the medication
must be started at very low doses and slowly
increased in order to obtain the appropriate clinical
and biochemical response in the patient.
Bromocriptine is usually given once per day.

CABERGOLINE (Dostinex) is usually used as the
second-line drug in the treatment of hyperpro-
lactinemia. It causes less nausea than bromocrip-
tine, and it can often be dosed only one or two
times per week. Pergolide (Permax) is another
medication used to treat patients with hyperpro-
lactinemia.



cabergoline (Dostinex) A medication used to treat
patients with hyperprolactinema and, on occasion,
those with ACROMEGALY. In the treatment of hyper-
prolactinemia, which is mainly caused by microade-
nomas of the pituitary gland, cabergoline causes less
nausea than BROMOCRIPTINE (Parlodel) and needs to
be dosed only one or two times per week.
Cabergoline works by increasing the amount of
dopamine in the brain and thus decreasing the
secretion of PROLACTIN. Similar drugs, such as per-
golide (Permax) and bromocriptine have been suc-
cessful in improving the quality of life of many
patients with hyperprolactinemia and acromegaly.

cachexia A state of abnormal metabolism caus-
ing a wasting away of the body’s muscle mass as
well as body weight. It generally occurs due to an
inadequate intake of nutrition to meet the body’s
metabolic needs. It may also be caused by the
increased stress on the body from an illness, which
then results in increased metabolic needs that the
body is unable to meet. Some elderly patients fail
to eat enough food to meet their nutritional needs.

Cachexia is found in severely ill patients with
such diseases as cancer, acquired immune deficien-
cy syndrome (AIDS), rheumatoid arthritis, and
other very serious illnesses and medical conditions.
Some untreated endocrine disorders can lead to
cachexia. These include HYPERTHYROIDISM (of any
cause), ADDISON’S DISEASE, and CUSHING'S SYN-
DROME caused by the ectopic secretion of excess
adrenocorticotropic hormone (ACTH), typically
caused by a malignant tumor.

It is important for physicians to treat cachexia
because for some patients, treatment may mean
the difference between life and death. Said authors
Daniel L. Marks and Roger D. Cone, in their 2001
article in Recent Progress in Hormone Research, “The
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severity of cachexia in these illnesses is often the
primary determining factor in both quality of life
and eventual mortality.”

Signs and Symptoms
The primary indicators of cachexia include:

Severe fatigue

Lack of appetite (anorexia, not to be confused
with anorexia nervosa)

A weight loss of as much as 10 percent of body
weight or more

Severe weakness

Diagnosis and Treatment

The diagnosis is made based on the patient’s cur-
rent weight compared with the recent past weight.
Patients in a state of cachexia are often treated with
small, frequent, high-fat meals; nutritional supple-
ments; and drugs, such as megestrol acetate or
cyproheptadine, to stimulate the appetite. In a
study reported in a 2003 issue of Gut, the
researchers studied 200 patients with pancreatic
cancer who had cachexia. They found that omega-
3 fatty acid supplements increased lean body mass
and appetite in these patients. The researchers also
noted that the subjects” weight gain also improved
their quality of life.

Elderly patients are often afflicted with cachex-
ia. According to an article in a 1999 issue of The
American Journal of Clinical Nutrition, cachexia is
associated with above-normal levels of proinflam-
matory cytokines, such as tumor necrosis factor-
alpha, interleukin, serotonin, and interferon. Said
the authors, “Reduction in the concentrations of
these cytokines is associated with weight gain.”
They stated that drugs that stimulate appetite and
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weight gain in geriatric patients, such as progesta-
tional agents, pentoxifylline, cyproheptadine, and
thalidomide, may decrease cytokine levels and thus
increase appetite and weight.

Fearon, K. C. H., et al. “Effect of a Protein and Energy
Dense N-3 Fatty Acid Enriched Oral Supplement on
Loss of Weight and Lean Tissue in Cancer Cachexia: A
Randomised Double Blind Trial.” Gut 52, no. 10
(2003): 1,479-1,486.

Marks, Daniel L., and Roger D. Cone.
Melanocortins and the Regulation of Weight During
Acute and Chronic Disease.” Recent Progress in Hormone
Research 56, (2001): 359-376.

Yeh, Shing-Shing, and Michael W. Schuster. “Geriatric
Cachexia: The Role of Cytokines.” American Journal for
Clinical Nutrition 70, no. 2 (August 1999): 183-197.

“Central

calcitonin A hormone produced by the parafol-
licular c cells of the thyroid gland. The exact phys-
iological reasons for the existence of calcitonin are
unclear. However, it is known that calcitonin is
involved with calcium and bone metabolism as
well as in breast milk letdown and lactation.
Calcitonin may be secreted in large quantities in
patients who have a rare form of THYROID CANCER:
medullary carcinoma of the thyroid (MCT). As a
result, the measurement of calcitonin in the blood-
stream can be used to help diagnose and monitor
this form of thyroid cancer.

Injectable, synthetically derived calcitonin may
be used to treat already diagnosed 0OSTEOPOROSIS. It
was first approved for this purpose by the Food and
Drug Administration (FDA) in 1984. (Calcitonin is
not, however, approved for the prevention of
osteoporosis.) Both mnasal calcitonin (Miacalcin)
and injectable calcitonin (Calcimar) are FDA-
approved to treat postmenopausal osteoporosis.

Calcitonin may also be used to treat PAGET" DIS-
EASE and the HYPERCALCEMIA caused by malignant
tumors (humoral hypercalcemia of malignancy, or
HHM). With Paget’s disease, due to the need for long-
term usage, the calcitonin may lose its efficacy
because of the formation of antibodies that bind to it.

Most patients use calcitonin in the form of a
nasal spray and find using the nasal calcitonin
(Miacalcin) to be more attractive than using the

other forms. However, it is absorbed more slowly
and less efficiently, and thus larger amounts are
required. Some patients are given calcitonin in
combination with HORMONE REPLACEMENT THERAPY,
which has been found to increase the bone density
in some patients significantly. Calcitonin may also
be injected subcutaneously or intramuscularly.

Some patients may be allergic to the salmon-
derived form of calcitonin, although this reaction
can also be seen with recombinant human calci-
tonin. Calcitonin may also cause such side effects as
flushing, nausea, and diarrhea, although these
effects are not common, and when they appear, are
often short-lived. In contrast, due to the large
amounts of endogenous calcitonin secreted by
patients with medullary carcinoma of the thyroid
(MCT), these symptoms may be severe.

Some studies have shown that calcitonin also has
an analgesic (pain-killing) effect on patients who
have acute bone fractures. Most of this data has been
accumulated by studying the injectable form of calci-
tonin. However, the inhaled nasal spray has also
been utilized. In one study, the nasal spray was found
to be more effective than the injectable calcitonin.

Controversy remains about whether either the
nasal spray or the injected calcitonin is effective in
treating the pain of fractures and, if so, which is
superior. Neither preparation is approved by the
Food and Drug Administration (FDA) for the treat-
ment of bone pain caused by FRACTURE, but
endocrinologists have found it to be useful.

See also BISPHOSPHONATES; CALCIUM BALANCE.

Lyritis, G. P., et al. “Analgesic Effects of Salmon
Calcitonin in Osteoporotic Vertebral Fractures: A
Double-Blind Placebo Controlled Case Study.”
Calcification Tissue International 49, no. 6 (December
1991): 369-372.

Overgaard, K., et. al. “Effect of Salcatonin Given
Intranasally on Bone Loss and Fracture Rates in
Established Osteoporosis.” British Medical Journal 305,
no. 6,853 (September 5, 1992): 556-561.

Overgaard, K., et. al. “Effect of Salcatonin Given
Intranasally on Early Postmenopausal Bone Loss.”
British Medical Journal 299, no. 6,697 (August 19,
1989): 477-479.

Silverman, Stuart L., M.D. “Calcitonin.” Endocrinology and
Metabolism Clinics of North America 32 (2003): 273-284.
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calcitriol Synthetic vitamin D that is prescribed
for people with a calcium deficiency/HYPOCAL-
CEMIA. Most commonly, these are patients who
have either kidney failure or HYPOPARATHYROIDISM.
Calcitriol increases the absorption of calcium from
the gut into the blood. It is commercially available
as Rocaltrol in 25- and 50-microgram capsules.
Generic formulations of calcitriol are also available
to patients.

Because it is the most potent and longest-acting
vitamin D metabolite available, calcitriol can also
easily lead to HYPERCALCEMIA (excessively high lev-
els of calcium in the blood) and to hypercalciuria
(excessive levels of calcium in the urine) among
patients who take the medication. Thus, calcitriol
should be used judiciously by physicians, with reg-
ular monitoring of a patient’s blood calcium levels.

See also CALCIUM ABSORPTION; CALCIUM BALANCE;
VITAMIN D; VITAMIN D RESISTANCE.

calcium absorption The continuing process by
which calcium is absorbed, usually in the intes-
tines. Calcium absorption is monitored by physi-
cians by measuring the amount of calcium found in
the urine over a period of 24 hours. A normal level
that indicates good absorption and generally ade-
quate vitamin D levels is between 2 and 4
mg/kg/day.

Calcium absorption in the intestines is primarily
driven by viTAMIN D. Thus, deficiencies of vitamin D
lead to poor calcium absorption, a decreased serum
calcium (calcium in the blood), and a rise in parathy-
roid hormone (PTH) levels. This increased PTH helps
to decrease the loss of calcium from the kidneys, and
it also helps to move some calcium from the bone
back into the bloodstream. Typically, 40-50 percent
of ingested calcium is absorbed, but a large portion of
absorbed calcium is lost via intestinal secretion.

Medications may also affect calcium absorption.
Some antibiotics, such as penicillin and chloram-
phenicol, may increase calcium absorption. Factors
that decrease calcium absorption include high fiber
in the diet, foods high in oxalic acid or phytic acid,
an existing lactase deficiency, and some medica-
tions. These medications include GLUCOCORTICOIDS,
anticonvulsants, tetracycline, and estrogens, such

as those found in ORAL CONTRACEPTIVES Or in ESTRO-
GEN REPLACEMENT THERAPY.

If patients who take calcium supplements need
a short-term increase in their calcium absorption,
they may wish to spread out their intake of calcium
supplements throughout the day. They should take
the calcium supplement with their meals and avoid
taking it along with foods that are high in oxalate,
such as spinach or nuts, or that are high in phy-
tates, such as wheat bran or soybeans.

The most commonly used forms of calcium sup-
plements are oyster shell calcium or calcium car-
bonate. Other forms of calcium, such as calcium
citrate, maltase, and glaciate, can be used, although
they are usually more expensive. Calcium lactate is
another form of calcium, but it is often difficult to
obtain.

See also CALCIUM BALANCE; HYPERCALCEMIA;
HYPOCALCEMIA; HYPOPARATHYROIDISM; PARATHYROID
GLANDS.

Levenson, David I, M.D., and Kevin Al Ohayon. “A
Practical Analysis of Calcium Supplements.”
Alternative Therapies in Women's Health Archives 2 (April
1, 2000): 28-31.

calcium balance Refers to the processes involving
the gut (absorption), kidneys (filtering and reab-
sorption as well as vitamin D metabolism),
parathyroid glands (the four glands in the neck,
by the thyroid gland), and bone (where calcium is
stored and used for structural integrity). Among
other functions, calcium is needed for muscle
contractions, to activate nerves, and to cause
blood to clot. Some experts believe that insuffi-
cient calcium in childhood and adolescence may
contribute to the development of OSTEOPOROSIS in
later adulthood.

Although many people are mildly or moderate-
ly deficient in calcium, elderly adults (age 65 and
older) and adolescents are the most likely to have
below-normal levels of calcium (hypocalcemia) in
their bloodstreams, primarily because of diets that
are low in calcium and/or vitamin D. Others have
excessive levels of calcium in the bloodstream. The
most common cause of excess calcium in the blood
is primary hyperparathyroidism.
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Individuals who cannot gain sufficient calcium
from their diets may take calcium supplements,
usually in tablet form. In addition, prescribed vita-
min D (CALCITRIOL) is usually given to such indi-
viduals to boost their blood levels of calcium.
According to a 2000 article in Alternative Therapies
in Women's Health Archives, calcium carbonate is the
most popular calcium supplement, followed by cal-
cium citrate. Some patients take bonemeal to boost
their calcium levels, while others take dolomite,
which is a combination of calcium carbonate and
magnesium carbonate.

Less popular means of increasing calcium intake
include taking supplements of calcium lactate, calci-
um gluconate, and calcium citrate malate. If intra-
venous calcium is needed, in the event of a medical
emergency, calcium gluconate is usually used.

See also CALCIUM ABSORPTION; HYPERCALCEMIA;
HYPOCALCEMIA; HYPOPARATHYROIDISM.

Bove, Lisa Anne. “Restoring Electrolyte Balance: Calcium
& Phosphorus” 59, no. 3 RN (March 1996): 47-51.
Levenson, David I, M.D., and Kevin Al Ohayon. “A
Practical Analysis of Calcium Supplements.”
Alternative Therapies in Women's Health Archives 2 (April
1, 2000): 28-31.

Tordotf, Michael G. “Calcium: Taste, Intake, and
Appetite.” Physiological Reviews 81, no. 4 (October 1,
2001): 1,567-1,597.

Canadian Diabetes Association (Association
Canadienne du Diabéte) Formed in 1953, the
Canadian Diabetes Association is a nongovernmen-
tal advocacy organization for research and educa-
tion that helps an estimated 2 million Canadians
who have diabetes. It has 150 branches throughout
the country. The organization also funds research
through the Charles H. Best Research Fund. The
Canadian Diabetes Association estimates that by
2010, the number of Canadians with diabetes will
increase to 3 million.

National Office:

National Life Building

1400-522 University Avenue

Toronto, Ontario M56 2R5

(416) 363-0177 or (800) BANTING (toll-free in
Canada)

www.diabetes.ca

Provincial Offices:

British Columbia—Yukon Division

360-1385 West 8th Avenue

Vancouver, BC V6H 3V9

(604) 732-1331 or (800) 665-6526 (toll-free)

Alberta/Northwest Territories Division
1010-10117 Jasper Avenue NW

Edmonton, AB T5J 1W8

(780) 423-1232 or (800) 563-0032 (toll-free)

Saskatchewan Division

104-2301 Avenue C North

Saskatoon, SK S7L 575

(306) 933-1238 or (800) 996-4446 (toll-free)

Manitoba Division

102-310 Broadway Avenue

Winnepeg, MB R3C 0S6

(204) 925-3800 or (800) 226-8464 (toll-free)

Ontario Division

15 Toronto Street

Suite 800

Toronto, ON M5C 2E3

(416) 363-3373 or (800) 226-8464 (toll-free)

New Brunswick Division

165 Regent Street

Suite 3

Fredericton, NB E3B 7B4

(506) 452-9009 or (800) 884-4232 (toll-free)

Nova Scotia Division

6080 Young Street

#101

Halifax, NS B3K 5L2

(902) 453-4232 or (800) 326-7712 (toll-free)

Prince Edward Island Division
Charlottetown Area Health Centre
1 Rochford Street

Charlottetown, PEI C1A 912

(902) 894-3005

Newfoundland and Labrador Division
354 Water Street

Suite 217

St. John’s, NF A1C 1C4

(709) 754-0953
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Affiliate:

Association Diabete Québec (Quebec Diabetes
Association)

5635, Rue Sherbrooke Est

Montreal, PQ HIN 1A2

(514) 259-3422 or (800) 361-3504 (toll-free num-
ber)

cancer A malignant tumor. Any organ within
the endocrine system (or within the entire body)
can develop a malignant tumor. Physicians who
suspect a cancerous tumor will almost always per-
form a biopsy, which is the removal of tissue from
the area that may be cancerous. A pathologist eval-
uates whether the tissue is actually cancerous.

The cancer is then staged by the physician,
which means that the severity of the cancer is eval-
uated. Whether the cancer has spread to other
parts of the body or to other organs is also deter-
mined. Most physicians assess the stage of cancer
using the TNM (tumor/node/metastasis) system,
which varies somewhat depending on the form of
the cancer.

When possible and if identified early enough,
cancer is often surgically excised. If the tumor is
not operable because it is too difficult to reach, is at
an advanced stage of tumor, or for other reasons
(such as the ill health of the patient), the patient
may be treated with radiation therapy, chemother-
apy, and other forms of treatment. Patients who
have advanced cancers may seek to join clinical tri-
als, in which they may be selected to test medica-
tions or therapies that are not available to the gen-
eral public.

Hormone therapy (also called endocrine therapy
by the physicians who use it) is sometimes used to
treat advanced cancer. For example, with prostate
cancer, oncologists may give men hormone med-
ications to block the production of TESTOSTERONE.
The reason is that testosterone enhances cancer
growth, and thus, lower levels of testosterone will
mean less aggressive tumor growth.

Hormone therapy usually includes luteinizing
hormone-releasing hormone (LH-RH) agonists and
sometimes other drugs, such as antiandrogens, to
treat prostate cancer. These drugs frequently cause
men to experience a wide variety of side effects,

including reduced sex drive, impotence, hot tflash-
es, mood swings, breast swelling, weight gain, and
loss of muscle mass. Though hormone therapy
eventually fails and men become hormone resist-
ant, the therapy may be effective in extending their
lives for years.

See also OVARIAN CANCER; PANCREATIC CANCER;
PARATHYROID CANCER; PHEOCHROMOCYTOMAS; TESTIC-
ULAR CANCER; THYROID CANCER.

For further information on cancer, contact:

American Cancer Society

1599 Clifton Road NE

Atlanta, GA 30329

(404) 320-2408 or (800) 227-2345 (toll-free)
http://www.cancer.org

National Cancer Institute

Division of Cancer Epidemiology and Genetics
6120 Executive Boulevard, MSC-7242
Executive Plaza South

7th Floor

Bethesda, MD 20892

(301) 496-1611

Lange, Paul H., M.D., and Christine Adamec. Prostate
Cancer for Dummies. New York, N.Y.: Wiley Publishing,
2003.

Carney complex A rare condition, originally
described by J. A. Carney in 1985. Carney complex
is caused by a genetic mutation and is usually con-
sidered a form of a multiple endocrine neoplasia
(MEN) syndrome. Symptoms of Carney complex
include skin lesions, such as pigmented lentigines
and blue nevi on the eyes, face, lips, neck, and
trunk, as well as endocrine tumors (adrenal, pitu-
itary, testicular, and thyroid) and nonendocrine
tumors (atrial, breast, and skin).

Carney complex is considered a developmental
disorder, although it may not be diagnosed until
early adulthood. Men and women are about equal-
ly affected by this disorder, and half the cases are
diagnosed after the age of 20 years. In many cases,
the characteristic skin changes occur during puber-
ty and may fade by the time the patient is in his or
her 40s. All patients are found to have some adre-
nal gland abnormalities at the time of surgery and
biopsy or at autopsy.
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Carney complex causes a form of Cushing’s syn-
drome, due to bilateral adrenal micronodular
hyperplasia, in about one of every four patients.
The pituitary tumors are typically adenomas.
About 15 percent of the pituitary tumors cause
gigantism. The atrial tumors are typically myxomas
and may cause obstruction of the mitral valve of
the heart, embolism, and constitutional symptoms
such as weight loss, fever, and fatigue (with anemia
and thrombocytopenia). Some patients have thy-
roid tumors and some may also have acromegaly.
The disease decreases the normal expected life span
in most patients.

Patients with Carney complex should receive
regular medical attention, and any tumors should
be treated. Physicians should vigilantly check for
the development of further tumors.

See also ACROMEGALY; CUSHING'S SYNDROME/
CUSHING’S DISEASE; GIGANTISM; MULTIPLE ENDOCRINE
NEOPLASIA.

Carney, J. A., et al. “The Complex of Myxomas, Spotty
Pigmentation, and Endocrine Overactivity.” Medicine
64, no. 4 (July 1985): 270-283.

Stratakis, Constantine A., Lawrence S. Kirschner, and J.
Aidan Carney. “Clinical and Molecular Features of the
Carney Complex: Diagnostic Criteria and Recom-
mendations for Patient Evaluation.” Journal of Clinical
Endocrinology ¢ Metabolism 87, mno. 9 (2001):
4,041-4,046.

Centers for Disease Control and Prevention
(CDC) The primary federal agency in the United
States that oversees the government agencies that
provide research and information on diabetes and
other major diseases. For example, the National
Center for Health Statistics compiles data and sta-
tistics on incidence of diseases, deaths, hospitaliza-
tions, and many other topics.

The National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) is an important
branch of the CDC. Contact the NIDDK at:

Building 31
Room 9A04
Center Drive
MSC 2560

Bethesda, MD 20892-2560
(800) 860-8747 or (301) 654-3327
http://www.niddk.nih.gov

For further information on the CDC, contact the
organization at:

1600 Clifton Road NE

Atlanta, GA 30333

(404) 639-3534 or (800) 311-3435 (toll-free)
http://www.cdc.gov

cerebral vascular diseases Diseases that cause
damage to the blood vessels in the brain and neck
and that can lead to stroke or heart disease. People
with some endocrine diseases, such as DIABETES MEL-
LITUS or hypertension, have a higher risk of develop-
ing cerebrovascular diseases than do nondiabetics.
Elderly individuals (age 65 and older) are at particu-
lar risk for developing cerebral vascular diseases.

cholesterol One of several fats (lipids) that circulate
in the body as lipoproteins, including low-density
lipoproteins (LDL) and high-density lipoproteins
(HDL). HDL is considered to be good cholesterol
because it works to keep blood vessels healthy via a
process known as reverse cholesterol transport.
Conversely, LDL is considered to be bad cholesterol
because it damages the blood vessels and can lead to
ATHEROSCLEROSIS and then heart attack, stroke,
peripheral vascular disease, and finally, death.

Patients with some diseases, such as Type 2 DIA-
BETES MELLITUS, typically have lower-than-normal
HDL levels. Even when they have normal or only
slightly elevated LDL levels, they are at greater risk
of developing complications. This is because their
LDL cholesterol tends to be more atherogenic as it
has been glycosylated—that is, glucose molecules
have attached atop the proteins in the LDL, ren-
dering the LDL more likely to attach to blood ves-
sel walls and cause problems. In addition, the HDL
of patients with Type 2 diabetes does not work as
well as it should either. It is less efficient than
among nondiabetics in transporting cholesterol
from the blood vessel to the liver.
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Thus, the target LDL cholesterol level is lower for
those with diabetes. Patients with diabetes should
contact their physicians for information on the LDL
cholesterol levels that are appropriate in their case.

Risk Factors
Other individuals in addition to those with diabetes
have a greater-than-normal risk for developing
health problems associated with their cholesterol lev-
els. These at-risk individuals tend to be those who:

e Have hypertension

e Are obese

e Have a very inactive lifestyle

e Are either African American or Native American

e Eat a very high-fat diet

Recommended Levels of Cholesterol

The National Heart, Lung, and Blood Institute
released their new guidelines for cholesterol con-
trol in 2002, provided in the chart that follows.

CLASSIFICATION OF LDL, TOTAL
AND HDL CHOLESTEROL (MG/DL)

LDL Cholesterol: Primary Target of Therapy

Less than 100 Optimal

100-129 Near optimal/above optimal
130-159 Borderline high
160-189 High

190+ Very high

Total Cholesterol

Less than 200 Desirable
200-239 Borderline high
240+ High

HDL Cholesterol

Less than 40 Low

60+ High

Source: National Cholesterol Education Program. “Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel 111).” NIH Publication No. 02-5215,
September 2002.

Diagnosis and Treatment

Cholesterol problems are diagnosed based on the
patient’s blood levels of HDL and LDL. Thus, LDL

levels of 160 and above are considered high, and
190 and above is very high. A level of HDL choles-
terol below 40 is considered problematic.

Patients diagnosed with cholesterol disorders are
first asked to work on therapeutic lifestyle changes,
including changes in nutrition (lower fat and cho-
lesterol intake and increased fiber intake) and
attention to weight and exercise. If these measures
fail to bring a patient’s lipid levels to the goal, med-
ications are frequently needed.

Patients with diabetes as well as cholesterol dis-
orders are urged to get their glucose levels as close
to normal as possible. Patients with hypertension
will be advised to bring their blood pressure levels
down as well. Regular exercise is also usually rec-
ommended. It need not be strenuous or difficult;
even a daily walk is a good exercise that can help
to improve health.

If a patient has high LDL levels and dietary mod-
ifications do not bring about sufficient changes,
doctors may then decide to prescribe cholesterol-
lowering drugs in the statin series of medications.
(Statins were formerly known as HMG CoA reduc-
tase inhibitors.) Aspirin therapy may also be con-
sidered, especially if the patient is at risk for a heart
attack or stroke, has diabetes, or has ever had
either a heart attack or stroke in the past.

For further information on cholesterol levels,
contact:

The National Heart, Lung, and Blood Institute
Building 31, Room 5A52

31 Center Drive MSC 2486

Bethesda, MD 20892

(301) 592-8573

http://www.nhlbi.nih.gov

National Cholesterol Education Program. “Third Report
of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III).” NIH Publication No. 02-5215,
September 2002.

Pearlman, Brian L., M.D. “The New Cholesterol
Guidelines: Applying Them in Clinical Practice.”
Postgraduate Medicine 11, no. 2 (August 2002): 13-26.
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chromogranin A A peptide hormone cosecreted
with catecholamines. It is elevated in patients who
have neuroendocrine tumors, such as a PHEOCHRO-
MOCYTOMA, GASTRINOMA, or carcinoid and
medullary carcinoma of the thyroid. However,
chromogranin A is not specific nor is it sensitive
enough to be used as a diagnostic test. It is mainly
used as a tumor marker, if no better markers are
available, to help physicians follow the progress of
a patient’s therapy for a specific tumor.
See also THYROID CANCER.

Chvostek’s sign A simple test used during a phys-
ical examination to check for severely low levels
of calcium in the blood, originally noted by 19th-
century Austrian surgeon Frantisek Chvostek.
Chvostek’s sign is considered a classic sign of
hypocalcemia.

With this test, the physician taps the midcheek-
bone near the area where the facial nerve is locat-
ed (where the seventh cranial nerve exits the
salivary/parotid gland). If the person is hypocal-
cemic, this action will usually elicit a sneering-like
contraction in the patient’s cheek, nose, and corner
of the mouth.

Patients who exhibit Chvostek’s sign will need
supplemental doses of calcium and will often also
need vitamin D supplements to stimulate the fur-
ther absorption of calcium from their gut.
Unfortunately, about 20-25 percent of patients
who do not have hypocalcemia will also demon-
strate some facial twitching with this test. In addi-
tion, some patients who actually do have
hypocalcemia will not produce the Chvostek’s sign.

Chvostek’s sign is also sometimes positive in the
absence of hypocalcemia when patients have other
illnesses, such as myxedema, rickets, measles, and
diphtheria. In addition, some healthy patients may
show a positive Chvostek’s sign, while some
patients who actually have hypocalcemia will show
a negative Chvostek’s sign. At best, Chvostek’s sign
is merely a good basic indicator of possible hypocal-
cemia and should be followed up by a blood test of
the patient’s calcium level.

Another diagnostic test for hypocalcemia,
TROUSSEAU’S SIGN, was noted by 19th-century
French physician Armand Trousseau. Most experts

believe that this sign, which uses a blood pressure
cuff to elicit the characteristic flexing of the wrist
and finger joints, is more reliable (sensitive and
specific) than is Chvostek’s sign.
See also CALCIUM BALANCE;
HYPOPARATHYROIDISM; TETANY.

HYPOCALCEMIA;

Hofmann, E. “Chvostek Sign.” American Journal of Surgery
96, no. 1 (1958): 33-38.

Urbano, Frank L. M.D. “Signs of Hypocalcemia:
Chvostek’s and Trousseau’s Signs.” Hospital Physician
36, no. 3 (March 2000): 43-45.

clonidine suppression test A diagnostic/confir-
matory medical test given when there is a very high
suspicion of the presence of a PHEOCHROMOCYTOMA,
an adrenal gland tumor that causes paroxysmal
hypertension, flushing, headaches, and orthostatic
hypertension. This test is only done for a patient
whom the endocrinologist strongly suspects of hav-
ing a pheochromocytoma, and whose total blood
plasma levels are borderline, typically between
1,000 and 2,000 pg/ml (or 5.9-11.8 nmol/l). For
patients whose levels are even lower than this
range, other stimulatory tests may need to be done
to ascertain a diagnosis.

The clonidine suppression test should only be
conducted in patients who are well hydrated to
avoid the onset of severe hypotension (low blood
pressure). The patients are instructed to avoid eat-
ing for at least four hours before the test. Some
types of medications must be completely avoided
before the test, such as beta-blockers, diuretics, and
tricyclic antidepressants. Other medications for the
treatment of hypertension should be withheld for
about 12 hours prior to this test to minimize any
effect on the test results.

Clonidine is a commercially available oral anti-
hypertensive drug that works to lower blood pres-
sure by stimulating alpha-2 adrenoreceptors in the
brain, thus leading to a decrease in sympathetic
nervous system outflow from the brain. This typi-
cally causes there to be lower levels of cate-
cholamine in the system, which, in turn, allows
blood vessels to relax and thus blood pressure to
drop. Patients with a pheochromocytoma have less
of a decrease in their plasma catecholamines.
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The drug can cause drowsiness and dry mouth
in 30-40 percent of patients who receive it. It also
has a potent first-dose effect, whereby a patient’s
blood pressure may drop precipitously with the
first dose.

Baseline plasma catecholamine levels are meas-
ured from an indwelling intravenous catheter in
the patient. (The simple act of inserting a needle or
intravenous drip will cause the release of some cat-
echolamines and thus “falsely” elevate the cate-
cholamine levels. Physicians realize this.)

After baseline catecholamine levels are taken,
0.3 mgs of clonidine is orally ingested by the
patient. Three hours later, the patient’s plasma cat-
echolamine levels are remeasured.

If the patient’s total plasma catecholamine levels
fall to less than 500 pg/ml (or 2.96 nmol/l) or to
less than a 50 percent decline from the patient’s
baseline levels, the diagnosis of a pheochromocy-
toma is excluded with a 92 percent certainty.
Overall, the clonidine suppression test has a 97
percent sensitivity, which means that 97 percent of
patients with a pheochromocytoma will have an
abnormal test. It also has a 67 percent specificity,
which means that two-thirds of patients without a
pheochromocytoma will have a normal response
and one-third will have a false positive test.

Abnormal blood levels are as follows:

Epinephrine: over 90 pg/ml
Norepinephrine: over 550 pg/ml
Dopamine: over 150 pg/ml

In looking at the combination of the epineph-
rine, norephinephrine, and dopamine levels (the
total plasma catecholamines), abnormal blood lev-
els are those that are greater than 500 pg/ml.

Segen, Joseph C. and Joseph Stauffer. The Patient’s Guide to
Medical Tests. New York, N.Y.: Facts On File, Inc., 1998.

Sjoberg, R. J., K. J. Simcic, and G. S. Kidd. “The Clonidine
Suppression Test for Pheochromocytoma: A Review of
Its Utility and Pitfalls.” Archives of Internal Medicine 152,
no. 6 (1992): 1,193-1,197.

coma A state of unconsciousness that may last
for days, weeks, or even years. Often physicians

cannot predict if and when the person will regain
consciousness. DIABETIC KETOACIDOSIS, a severe
imbalance of glucose and acids in the bloodstream,
may cause a coma. There are also other endocrine
causes of coma, such as severe HYPOTHYROIDISM,
from which the patient may suffer from a myxede-
ma coma. In some cases, a blow to the head may
cause a coma, as may an overdose of medications
or a severe medication interaction. Sometimes a
patient enters a coma state and the cause cannot be
determined.

The comatose individual needs emergency treat-
ment and usually also requires hospitalization.
Rarely, a patient will recover from coma after many
years. Some patients have recovered after 20 years
or more in a comatose state.

See also DIABETES MELLITUS; MYXEDEMA COMA;
TYPE 1 DIABETES; TYPE 2 DIABETES.

computerized tomography (CT) A specific type
of X-ray imaging study that is frequently used to
diagnose and monitor a wide variety of medical
diseases and conditions. The CT scan is also known
as a computerized axial tomography or CAT scan.
Sometimes physicians will order contrast dye to be
injected into the patient’s veins to highlight partic-
ular organs or areas of the body.

For endocrine disorders, the CT scan is particu-
larly helpful in assessing problems with the ADRE-
NAL GLANDS as well as in evaluating any of the
cancers associated with the endocrine system. The
CT scan can also be used to image the HYPOTHALA-
MUS and PITUITARY GLAND, but most of this imaging,
as of this writing, is done with MAGNETIC RESO-
NANCE IMAGING (MRI).

See also ULTRASOUND.

congenital adrenal hyperplasia (CAH) Refers to
a set of inherited disorders that cause an increased
size in the adrenal glands and that are nearly
always (about 95 percent of the time) caused by
mutations in genetic coding. These disorders cause
an insufficient synthesis of CORTISOL.

The most common genetic defect within the cat-
egory of congenital adrenal hyperplasia is a 21-
hydroxylase 21-OH deficiency, which represents
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over 90 percent of all the cases of congenital adre-
nal hyperplasia. This defect is found in an estimat-
ed one in 12,000 to one in 15,000 births in the
United States. It is transmitted as an autosomal
recessive condition.

Signs and Symptoms

Newborns and children with congenital adrenal
hyperplasia present with either the salt-wasting
form (with HYPOTENSION, low sodium levels and
high potassium levels) or the simple virilizing form
(with ambiguous genitalia). These are the classical
forms of 21-hydroxylase 21-OH congenital hyper-
plasia. Six to seven out of 10 newborns with con-
genital hyperplasia have the salt-wasting form.
HIRSUTISM is not typically evident until later in life.

These patients cannot synthesize adequate corti-
sol and ALDOSTERONE (and lose excess sodium but
retain excess potassium). Thus they will also
secrete greater-than-normal amounts of adreno-
corticotropic hormone (ACTH). Because of this
increased androgen production, women may also
become virilized.

Patients with CAH may also suffer from cate-
cholamine deficiency, which can worsen shock.

The nonclassical or late form of CAH presents in
puberty or after puberty. Females with this form
have menstrual irregularities and hirsutism/viriliza-
tion that is clinically impossible to distinguish from
POLYCYSTIC OVARY SYNDROME (PCOS). Many females
have adrenal incidentalomas (adenomas). Boys
may have testicular tumors that are actually com-
prised of adrenal tissue that grows in the scrotum.

Diagnosis and Treatment

The diagnosis of congenital adrenal hyperplasia is
based on signs and symptoms as well as medical
history. If physicians suspect CAH, the gold stan-
dard test for this disorder is used: the corti-
cotrophin (Cortrosyn) stimulation test. With this
test, cosyntropin (synthetic ACTH) is injected after
measuring the basal levels of 17-(OH) proges-
terone, and the patient’s blood levels of 17-hydroy-
prosterone are measured 60 minutes later. Salt
wasting is measured through testing the blood for
serum electrolytes, plasma renin, and aldosterone.

Patients with congenital adrenal hyperplasia are
treated with glucocorticoids such as prednisone

(Deltasone) or cortisone acetate (Cortef). If this
therapy fails, the removal of the adrenal glands
(ADRENALECTOMY) may be needed. If performed,
this surgery is usually done on adults. Surgery will
induce the symptoms of full-blown ADDISON’S DISs-
EASE, but many physicians argue that Addison'’s
disease is easily more manageable than CAH with
bilaterally enlarging adrenal glands.

Children with CAH also need annual X-rays to
determine their BONE AGE and their growth.

In the less common cases of congenital adrenal
hyperplasia that is due to deficiency of 3 beta-
hydroxysteroid dehydrogenase, levels of 17 OH
progesterone and 17-hydroxypregnenolone accu-
mulate. In congenital adrenal hyperplasia that is
due to 17 OH deficiency, androgens and cortisol
cannot be produced. With the 11 beta-hydroxylase
deficiency form of CAH, aldosterone and cortisol
are not produced in adequate amounts. In the 17-
ketosteroid reductase deficiency form of congenital
adrenal hyperplasia, TESTOSTERONE cannot be syn-
thesized from androstenedione.

See also ADRENAL GLANDS.
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Adrenal Hyperplasia Attributable to 21-Hydroxylase
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Available online. URL: http://pediatrics.aapublica-
tions.org/cgi/content/full/109/2/e28. Downloaded
January 15, 2004.

Speiser, Phyllis W., M.D. and Perrin C. White, M.D.
“Congenital Adrenal Hyperplasia.” New England
Journal of Medicine 349, no. 8 (August 21, 2003):
776-788.

congenital hypothyroidism A rare condition in
which low levels of thyroid hormone are found in
newborn infants. An estimated one in every 4,000
infants has congenital hypothyroidism, according to
the American Academy of Clinical Endocrinologists.
Of these cases, 85 percent are sporadic and 15 per-
cent are inherited. Most of these cases are caused by
a genesis of thyroid tissues or ectopic tissue. For
unknown reasons, congenital hypothyroidism
occurs twice as frequently in girls as boys.
Interestingly, the incidence is more common in
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Hispanic children (one in 2,000) and much rarer in
African-American children (one in 32,000). Some
of the cases have a central etiology and are often
associated with other midline defects, such as cleft
palate and eye abnormalities.

Infants who have Down syndrome have an
increased risk for the diagnosis of congenital
hypothyroidism. In one large population study of
newborn infants that identified 97 infants with
congenital hypothyroidism, reported in a 1997
issue of the American Journal of Medical Genetics, the
researchers found that newborn babies with Down
syndrome had a 35 times greater risk of having
congenital hypothyroidism compared with babies
without Down syndrome. In addition, babies with
Down syndrome are at a greater risk for developing
hypothyroidism later in infancy. As a result, the
American Academy of Pediatrics recommends that
babies with Down syndrome be screened for
acquired hypothyroidism at birth, at the four- to
six-month stage, at the 12-month stage, and once a
year afterward.

An early diagnosis is important. If infants with
hypothyroidism are not diagnosed and treated,
they will develop cretinism, which is manifested by
mental retardation, slowed growth, intolerance to
cold, constipation, dry skin, as well as other symp-
toms typical of hypothyroidism. Untreated children
will often also be deaf and mute. At birth, these
children may have few signs and symptoms
because their bodies still have some thyroid (T4)
hormone from their mothers. They may have
slightly increased birth weight, enlarged fontanels
(soft spots), hoarse cries, poor movement, consti-
pation, enlarged tongue, jaundice, and low body
temperature.

All states in the United States require neonatal
screening for congenital hypothyroidism. Infants
afflicted with congenital hypothyroidism are treat-
ed with supplemental thyroid hormone (levothy-
roxine), and their pediatricians and pediatric
endocrinologists also carefully monitor them. Even
with treatment, some infants born with severe con-
genital hypothyroidism may experience mild cog-
nitive defects later in life according to a study
reported in a 2001 issue of Acta Paediatrics.

Transient congenital hypothyroidism can occur
due to excess iodine, caused by the mother taking

amiodarone (Cordarone), a heart medication, or by
iodine-containing contrast agents ingested by the
mother, thus inducing the production of antibodies
by the mother while pregnant.

See also HYPOTHYROIDISM.
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Conn’s syndrome  See ALDOSTERONISM.

cortisol An important hormone synthesized and
released by the adrenal glands to help activate
many critical body processes, including alertness,
vigilance, blood pressure, blood glucose level, and
the ability to respond to physical and social stressors.

Cortisol is synthesized in the adrenal cortex in
the layer known as the zona fasciculata, under the
control of hypothalamic corticotropin releasing fac-
tor (CRF) and pituitary adrenocorticotropic hor-
mone (ACTH). It has a circadian rhythm; cortisol
levels usually drop when an individual sleeps and
begin to rise again shortly before awakening
occurs. If very low levels of cortisol are produced,
this is called Addison’s disease or hypocortisolism,
a condition that can become life threatening, requir-
ing emergency doses of hydrocortisone. Very high
levels of cortisol cause Cushing’s disease. Cortisol is
one of the COUNTERREGULATORY HORMONES, a
hormone that is released in response to an action
elsewhere in the body.

See also ADDISON’S DISEASE; CUSHING'S SYN-
DROME/CUSHING’S DISEASE; HORMONES.



50 cortisone

cortisone Synthetically produced cortisol.
Cortisone is used in replacement for the glucocor-
ticoid hormone, meaning it helps to maintain
blood glucose levels among its many actions. Some
individuals have below-normal levels of cortisol,
such as patients with ADDISON’S DISEASE. These
patients can be treated with daily doses of cortisone
acetate, allowing them to live long and full lives.
Without cortisone or other glucocorticoids, howev-
er, these patients would die.

In an acute crisis, such as a patient with previ-
ously undiagnosed or inadequately treated
Addison’s disease or among patients who have
developed a secondary adrenal insufficiency (typi-
cally due to being tapered off their glucocorticoid
therapy too quickly), intravenous forms of corti-
sone as well as normal saline are administered.
These treatments are lifesaving.

Cortisone is also used to treat patients with a
variety of medical problems, such as various forms
of arthritis.

See also CORTISOL; HORMONES.

counterregulatory hormones Hormones released
in response to an action elsewhere within the body.
For example, if a person develops HYPOGLYCEMIA
(low blood sugar), glucagon is released to stimulate
the breakdown of glycogen from the liver to coun-
teract the hypoglycemia. Counterregulatory
hormones include cortisoL (the body’s natural cor-
tisone), GLUCAGON, epinephrine (ADRENALINE), and
GROWTH HORMONE. Cortisol and epinephrine are
released by the adrenal glands. Epinephrine and
norepinephrine are also synthesized by the sympa-
thetic nervous system. The pituitary releases growth
hormone, and the pancreas releases glucagon.
Another example of a counterregulatory hor-
mone at work occurs when a person undergoes
severe stress. Epinephrine is released to help the
individual deal with that stress by maintaining blood
pressure and pulse as well as by increasing blood
flow to muscles, part of the fight-or-flight response.
Some people with DIABETES MELLITUS develop
reduced rates of response from their counterregu-
latory hormones. This may be caused by either
tight glycemic control or by autonomic neuropa-
thy. When patients have had excellent blood sugar

control plus episodes of hypoglycemia, the brain,
which can use only glucose for fuel, adapts by
improving its ability to extract glucose from the
bloodstream. It does this by increasing the synthe-
sis of glucose transporters (GLUT).

This increase means that although patients
should begin to feel the symptoms of hypoglycemia
at a blood glucose level of about 65 mg/dl (with
symptoms such as an increased pulse, sweating,
nervousness, tremulousness, nausea, and hunger),
such symptoms will not occur as the brain has been
able to extract enough glucose to keep functioning
in a normal fashion. However, as the blood glucose
continues to fall, the brain then begins to malfunc-
tion, which is the neuroglycopenic phase of hypo-
glycemia. At this time, patients are typically unable
to make the correct decisions to obtain food or
drink to correct the hypoglycemia, and will need
help from someone else or they may develop a
seizure or fall into a coma.

Fortunately this process can be ameliorated. It is
one of the few times in diabetes management
when the endocrinologist will instruct patients to
allow their glucose blood levels to run higher than
normal. Over a three- to six-week period, this will
help to reset the alarm system in the brain and will
most likely return the patient to a normal counter-
regulatory response.

In patients who develop hypoglycemic
unawareness due to the complication of autonom-
ic neuropathy, this problem is not reversible. These
patients must be treated cautiously to avoid hypo-
glycemia. Interestingly, after five years of Type 1
diabetes, most patients will not be able to release
glucagons in response to hypoglycemia although it
is, in fact, present in their pancreases.

See also HORMONES.

Creutzfeldt-Jakob disease (CJD) A brain disorder
that affects memory, behavior, coordination, and
vision. Creutzfeld-Jakob disease was named after
two German neurologists, Dr. Hans Gerhard
Creutzfeld and Dr. Alfons Maria Jakob, who iden-
tified the disease in the 1920s. CJD is a very rare
disease, occurring in only about one per million
patients. In the most severe form of the illness, the
individual becomes blind and mentally unstable,
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with rapidly progressing dementia, and loses all
voluntary control of movements. The patient may
lapse into a coMA. The disease is always fatal: death
occurs within a year of the onset for most (90 per-
cent) of patients.

When CJD is present, it is usually found among
patients ages 60 and older. However, some patients
have developed CJD as young as age 26. Patients
with an early onset present with emotional symp-
toms, such as anxiety, insomnia, and social with-
drawal. However, they are not usually diagnosed
until they present with neurological symptoms,
such as abnormal gait, paresthesias (pins and nee-
dles), and pain.

The diagnosis of CJD has been enhanced by the
establishment of the National Prion Disease
Pathology Surveillance Center, located at Case
Western University. The Center performs free tests
for patients suspected of having CJD, including
analysis of DNA extracted from the blood or brain
tissue, analysis of the cerebrospinal fluid, and
other tests.

CJD is categorized as a transmissible spongiform
encephalopathy (TSE), a medical condition com-
mon to humans and animals. The most prominent
form of animal TSE is bovine spongiform
encephalopathy, popularly known as mad cow dis-
ease, although it also affects sheep and goats.

Types of CJID
There are three primary forms of CJD. Sporadic
CJD is the most common form, accounting for
about 85 percent of all cases. Hereditary CJD occurs
in about 5-10 percent of all cases. The third type,
acquired CJD, results from damage to the brain or
nervous system.

Causes of CJD

What causes CJD is unknown, although theories
do exist. Some researchers believe that a slow-
acting virus can cause CJD, although no one has
been able to isolate such a virus.

With hereditary CJD, the disorder results from a
genetic mutation. However, not everyone with the
mutated gene actually develops CJD. Therefore
there may be other yet-undiscovered factors, such
as something that triggers the action of the mutat-
ed gene to lead to the disease’s onset.

Prior to the development and availability of
recombinant growth hormone, a synthetic sub-
stance, this hormone was obtained from cadavers.
There were several cases of CJD that resulted from
transfers of these growth hormone extracts to pedi-
atric patients who were using them to remedy
short stature. This horrible complication ended the
cadaver growth hormone program.

For further information, contact the following
organizations:

Creutzfeldt-Jakob Disease Foundation
P.O. Box 5312

Akron, OH 44334

(800) 659-1991 (toll-free)
http://www.cjdfoundation.org

National Organization for Rare Disorders (NORD)
55 Kenosia Avenue

P.O. Box 1968

Danbury, CT 06812

(203) 744-0100

http://www.rarediseases.org

Tyler, Kenneth L., M.D. “Creutzfeldt-Jakob Disease.” New
England Journal of Medicine 348, no. 8 (February 20,
2003): 681-682.

Crow-Fukase syndrome/POEMS syndrome  First
described by Dr. R. S. Crow in 1956 and then by Dr.
M. Fukase in 1968, this condition was once known
as Crow-Fukase syndrome. Most experts now use
the acronym POEMS for this medical condition,
which stands for polyneuropathy, organomegaly,
endocrinopathy, monoclonal gammoapathy, and
skin changes. Patients with POEMS have disorders
in at least three of the areas described by the
acronym. Only several hundred cases of this med-
ical condition have been identified worldwide.
The polyneuropathy involves dysfunction of
many sensory and motor nerves and becomes pro-
gressively worse. The organomegaly refers primari-
ly to the enlarged spleen, lymph nodes, and liver.
The endocrine disorders experienced by men with
this syndrome include GYNECOMASTIA and ERECTILE
DYSFUNCTION, while many women with this syn-
drome have AMENORRHEA. Patients of both genders
may have glucose intolerance and DIABETES MELLI-
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TUS as well as HYPOTHYROIDISM, HYPOPARATHY-
ROIDISM, and hyperprolactinemia.

POEMS is somewhat more commonly seen
among men than women, and the onset of the syn-
drome usually occurs when patients are in their
50s or early 60s. Patients present with severe diar-
rhea, shortness of breath, peripheral edema, weak-
ness, and paresthesias (numbness and tingling).
Skin changes, such as flushing, may occur as well
as alopecia (loss of some or all of the hair). The syn-
drome appears to be caused by a disorder of plasma
blood cells, although what drives this change is
unknown. Treatment is usually corticosteroids,
such as prednisone, given at high doses.

Rehmus, Wingrield, M.D. “POEM Syndrome.” Available
online. URL: http://www.emedicine.com/derm/
topic771.htm. Downloaded on February 1, 2004.

Cushing’s syndrome/Cushing’s disease Rare
endocrine disorders that occur in about 10-15
patients per million people each year. These disor-
ders are named after Dr. Harvey Williams Cushing,
who first identified the symptoms in 1932.

Both disorders are due to excessive levels of cor-
tisol in the bloodstream. However, Cushing’s dis-
ease refers specifically to the condition in which
the excess secretion of cortisol is due to a problem
in the central nervous system. Cushing’s disease
includes either an overproduction of adrenocorti-
cotropic hormone (ACTH) by the pituitary or an
overproduction of corticotropin releasing factor
(CRF) by the hypothalamus. In some cases, both
ACTH and CRF are overproduced.

Cushing’s syndrome refers to any clinical syn-
drome where the effects of excessive glucocorti-
coids are present, as with the administration of
exogenous steroids (such as the use of prednisone
in the treatment of asthma, lupus, and or rheuma-
toid arthritis), or in the cases of the ectopic produc-
tion of ACTH and adrenal tumors.

In 90 percent of the cases of Cushing’s syndrome,
the patient is an adult. In 10 percent, the patient is
a child or adolescent. Most patients are adult
females between the ages of 20 and 50 years old.

In patients with rapidly progressive Cushing’s
syndrome caused by the ectopic production of

ACTH, as in a small cell tumor of the lung, the
patient may present with only weight loss,
hypokalemia (low potassium blood levels), and
hyperglycemia. The patient may show none of the
typical physical features associated with excess glu-
cocorticoid activity.

Symptoms of Cushing’s Syndrome in an Adult

e HYPERGLYCEMIA

e Menstrual disturbances such as AMENORRHEA or
oligomenorrhea (periods become irregular or
stop altogether)

e (OSTEOPOROSIS

e Muscle weakness (more prominent in the
shoulder and hip girdle muscles, also called
proximal muscle weakness or myopathy)

e Depression
e Extreme fatigue
e Thin skin that is easily bruised and heals slowly

e HIRSUTISM (excess hair growth and in atypical
areas) in women, especially on the face, neck,
chest, thighs, and abdominal area

¢ Decreased fertility among men and/or lack of
interest in sex and diminished libido

e Moon-shaped face

e Stretch marks on the skin, especially on the
abdomen, typically greater than one centimeter
in diameter and violet colored

e Large deposition of fat at the base of the neck,
sometimes called buffalo hump

e Sleep disorders

Symptoms of Cushing’s Syndrome
in a Child or Adolescent

¢ Delayed growth

e Hyperglycemia (a high glucose/high blood sugar
level) and diabetes

e Excessive weight gain, particularly in the face,
neck, and abdomen (also called central, truncal,
or centripetal OBESITY)

e Hypertension
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e DELAYED PUBERTY Or a very EARLY PUBERTY in a
child

e Amenorrhea (missed periods in females) or
oligomenorrhea (irregular menses)

e Extreme fatigue

Diagnosis

Cushing’s syndrome/disease is diagnosed with lab-
oratory tests, including a 24-hour measurement of
urinary free cortisol, measurement of cortisol in
the blood at different times throughout the day,
and a dexamethasone suppression test. In addition,
CREF testing and direct measurements of ACTH and
dehydroepiandrosterone (DHEAS) in the blood can
be used. Sometimes physicians will order a meas-
urement of 17-hydroxycorticosteroids, which are
the metabolites of cortisol in the urine. Cortisol lev-
els that are greater than 50-100 mcg per day in the
24-hour urine collection test may indicate that the
patient has Cushing’s disease/syndrome.

With the dexamethasone test, the patient is
given dexamethasone, which is a glucocorticoid
drug. Cortisol levels are then measured at specific
times in both the blood and urine. If a person has a
normal hypothalamic-pituitary-adrenal (HPA) axis,
the ingestion of excessive dexamethasone should
suppress the production of CRF and ACTH, thus
leading to decreased amounts of cortisol in the
blood and the urine. If a patient has Cushing’s dis-
ease or syndrome, production of cortisol will not
respond normally, and the cortisol levels will
remain inappropriately high in the blood and urine.

As with all laboratory tests, some false positives
and false negatives will occur. For example, the
patient who has used excessive alcohol or taken
estrogen can affect the test results. Drugs such as
phenobarbital and phenytoin (Dilantin) can also
affect results. Alcoholic patients may develop a
form of pseudo-Cushing’s syndrome.

As with other endocrine disorders, imaging tests
are done only after a biological diagnosis is made.
This order of events helps the doctor avoid focusing
on any false-positive results, as adrenal inciden-
talomas are quite common. Typically, COMPUTER-
IZED TOMOGRAPHY (CT) scans of the adrenal glands
are used, as are MAGNETIC RESONANCE IMAGING

(MRI) scans of the pituitary, depending on the case.
Because Cushing’s disease or syndrome is often dif-
ficult to diagnose, angiographic studies of the arter-
ies, and sometimes the veins, are done to make
absolutely certain where the pathology lies.

Treatment

Once diagnosed, treatment of Cushing’s disease or
syndrome depends on the underlying cause. It can
be treated with medication, chemotherapy, radiation
treatments, surgery, or a combination of these treat-
ments. Surgery can provide a cure if the cause is an
adrenal tumor. For ectopic syndromes, treatment is
aimed at the underlying cancer and medications are
given to decrease the production of cortisol.

If the syndrome is secondary to exogenous
steroid use, the glucocorticoid medication being
used is tapered to the lowest possible dosage for the
particular patient.

See also CORTISOL.

For further information, contact:

Cushing’s Support and Research Foundation, Inc.
65 East India Row 22B

Boston, MA 02110

(617) 723-3824

Pituitary Network Association

223 East Thousand Oaks Boulevard
Suite 320

Thousand Oaks, CA 91360

(805) 496-4932

Amos, Aaron, and J. William Roberts. “Cushing’s
Syndrome Associated with a Pheochromocytoma.”
Urology 52, no. 2 (1998): 331-335.
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Journal of Clinical Endocrinology € Metabolism 86, no. 1
(2001): 117-123.

Moro, Mirella, et al. “The Desmopressin Test in the
Differential Diagnosis between Cushing’s Disease and
Pseudo-Cushing  States.” of  Clinical
Endocrinology ¢ Metabolism 85, mno. 10 (2000):
3,569-3,574.

Newell-Price, John, et al. “The Diagnosis and Differential
Diagnosis of Cushing’s Syndrome and Pseudo-
Cushing’s States.” Endocrine Reviews 19, no. 5 (1998):
647-672.
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dehydration Severely low levels of fluid in the
body that are insufficient to meet the individual’s
needs. Symptoms of dehydration include thirst, dry
skin and mucous membranes, light-headedness,
and nausea.

Risk Factors

Children who are ill and feverish may be at risk for
dehydration if they do not receive appropriate
medical treatment. Sometimes elderly people (ages
65 and over) become dehydrated because they are
not given sufficient fluids by staff members in a
nursing home or by their own family members.
This may constitute poor care, particularly if the
patient becomes unconscious. The elderly may also
fail to drink sufficient fluids because of forgetful-
ness associated with problems such as Alzheimer’s
disease or depression.

People with some diseases, particularly DIABETES
MELLITUS, are at risk for developing dehydration.
Dehydration can occur in patients with poorly con-
trolled diabetes mellitus as they have very high lev-
els of glucose that can lead to osmotic diuresis. In
this circumstance, the high levels of sugar that are
filtered and lost in the kidney pull along extra
water and lead to increased urination. This will
lead to dehydration if there is inadequate fluid
replacement. This situation is more likely to occur
in the very young and the elderly, who may not be
able to obtain fluids on their own or who may have
disordered senses of thirst.

Individuals with DIABETES INSIPIDUS are clearly at
risk for rapid and severe dehydration, leading to
death, if they are not properly treated. They need
adequate replacement of desmopressin acetate
(DDAVP), their antidiuretic hormone, to avoid
huge losses of fluid in the urine.
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Individuals taking certain medications are also
at risk, especially patients who are taking diuretic
drugs. Individuals who are wounded and are
bleeding severely are at risk of dehydration and
need intravenous fluids as soon as possible.

The primary causes of dehydration are as follows:

Inadequate fluid intake

Hyperglycema (high blood sugar levels)
Excessive vomiting

Severe diarrhea

Diuretic medications

Excessive bleeding

Diabetes insipidus

Diagnosis and Treatment
Dehydration is diagnosed by assessing the medical
history, conducting a physical examination, and
taking laboratory tests of the patient. In a person
with vomiting or diarrhea, a history of poor fluid
intake may be all that is needed to make the diag-
nosis of dehydration. In the elderly and the young,
however, sometimes the history is not accurate or
is not obtained at all. Thus physical signs, such as
poor skin turgor (when the skin is pulled, it does
not quickly resume to normal) may indicate dehy-
dration. Another indicator of dehydration is
decreased blood pressure, especially when the
patient is standing, or a clinically significant
decrease in blood pressure when the patient
changes position from lying to sitting or standing.

Laboratory tests such as the blood urea nitrogen
(BUN) level, creatinine, complete blood count
(CBC), and electrolytes will often reinforce the
diagnosis.
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The doctor treats dehydration by first determin-
ing the cause of the problem and then replacing flu-
ids to an adequate level. Sometimes merely
encouraging the individual to drink fluids may solve
the problem. At other times, medical intervention is
required. A severely dehydrated person may need
fluid replacement intravenously until he or she is
able to take fluids in the usual manner, by drinking.

Dehydration may become a serious problem if
left untreated. Dehydration may contribute to or
exacerbate such medical problems as DIABETIC
KETOACIDOSIS and even COMA.

delayed puberty A later-than-average onset of
the normal physical maturation that occurs in
males and females during adolescence, or later
than age 13 in girls and age 14 in boys. Delayed
puberty is more common among boys than girls.
Often it is an inherited trait and is not due to any
underlying endocrine disease or other illness.
Delayed puberty that is not caused by disease is
also known as constitutional delay of growth and
maturation or simply CD.

In one study of 158 boys and 74 girls with
delayed puberty, published in a 2002 issue of the
Journal of Clinical Endocrinology ¢ Metabolism,
researchers found that the majority of children
studied (53 percent) had CD. In the other children,
many different medical problems were identified,
including a growth hormone deficiency, HYPOTHY-
ROIDISM, poor nutrition, seizure disorders,
KALLMANN’S SYNDROME, KLINEFELTER SYNDROME,
PRADER-WILLI SYNDROME, TURNER SYNDROME, sickle
cell anemia, ANOREXIA NERVOSA, and other causes.
As a result, even though most children with
delayed puberty are merely late bloomers, physi-
cians should rule out other potential causes for the
delay in physical maturation.

In a study reported in a 2003 issue of the New
England Journal of Medicine, the researchers studied
600 Caucasian girls, 805 African-American girls,
and 781 Mexican-American girls and considered
their onset (or lack of onset) of puberty. The
researchers found there was a significant relation-
ship between high blood lead concentration and
delayed puberty in the African-American and
Mexican-American girls but not in the Caucasian

girls, although the reason for this finding was
unclear. The greatest delays in breast development
were seen in African-American girls with high
blood lead concentrations.

Signs and Symptoms of Delayed Puberty
Delayed puberty is indicated more by a lack of signs
than the presence of signs. For example, the child
lacks hair in the underarm or genital area. The
female has not menstruated or developed breasts.
The male genitals have not developed beyond
childhood. However, both males and females with
delayed puberty are usually smaller in size than
their peers.

Diagnosis and Treatment
A key determinant of delayed puberty is the child’s
BONE AGE. In a bone age study, physicians take
X-rays of certain bones, such as those of the wrist.
Physicians look at whether the bones have fused
(the epiphyseal plates or growth plates at the ends
of the bones), which occurs during adolescence.

If the child has a younger bone age than his or
her chronological age, physicians should also note
the child’s hormonal levels to check for a deficien-
cy. In boys, testosterone levels should be checked,
and in girls the estradiol level should be taken. The
thyroid levels of both boys and girls with delayed
puberty should also be checked since the underly-
ing problem may be hypothyroidism.

The treatment for delayed puberty depends on
the underlying cause. If an illness is identified, that
medical problem is treated and the delayed puber-
ty may then resolve. If no cause is found, physi-
cians must decide whether to treat the child.

Some physicians may treat patients with
delayed puberty with growth hormone, although
pediatricians disagree on whether growth hormone
should be administered at all as well at what age it
should be considered. Others may treat males with
delayed puberty with intramuscular injections of
testosterone, given every four weeks for a period of
about four to six months. Hormonal treatment for
females with delayed puberty is considered contro-
versial. However, some physicians treat girls with
low doses of oral estrogen or estradiol daily for
three to four months.



DEXA scan 57

If treatment does occur, it should be started or at
least monitored by an endocrinologist rather than
by an internist or family practitioner.

Effects of Delayed Puberty on the Child

Delayed puberty can cause emotional problems
such as DEPRESSION in some children and adoles-
cents, who may feel shunned and ridiculed by their
peers. Especially during their early adolescent
years, children are likely to be verbally abused and
sometimes physically abused by others, particular-
ly if they are males. Said Sharon Travers and
Robert Slover in their discussion of the disorders of
puberty, “Both boys and girls may be distressed
because of their small size and sexually immature
appearance. They are often treated as if they were
younger, teased by peers, and denied participation
in certain athletic activities.”

It can also be very difficult for parents to see
their children feel humiliated and maligned due to
their small size and lack of pubertal development.

See also EARLY PUBERTY; GROWTH HORMONE;
TANNER STAGES.
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depression Clinically abnormal condition of low
mood state with the inability to enjoy life and func-
tion at optimal levels. Depression may be caused by
events in a person’s life, or it may be triggered by
an endocrine disorder or other illness. In some
cases, depression is misdiagnosed when the under-
lying problem is actually an endocrine disease,
such as HYPOTHYROIDISM or CUSHING’S SYNDROME,
and the patient is not truly clinically depressed. It is
also true that patients may have an endocrine dis-
order as well as depression.

Most physicians consider depression highly
treatable, and many patients respond very well to
antidepressant medications. Most of the modern
selective serotonin reuptake inhibitors (SSRIs)
have response rates in the 80 percent range. Many
different types of antidepressants are available.
Consequently, even if the first medication does not
work, another medication may be efficacious.
Patients may also need to receive short-term ther-
apy, such as cognitive-behavioral therapy (CBT), in
which the therapist teaches the patient how to
identify and challenge irrational beliefs that are
self-defeating and destructive.

For further information, contact the following
organizations:

American Psychiatric Association
1400 K Street NW

Washington, DC 20005

(202) 682-6000
http://www.psych.org

American Psychological Association
750 First Street NE

Washington, DC 20002

(202) 336-5500
http://www.apa.org

desiccated thyroid Thyroid hormones obtained
from animal thyroids, such as pork thyroid. These
extracts contain thyroid hormones and thyroglob-
ulin. They are inexpensive, but their potency is
harder to standardize than that of other thyroid
medications.

Desiccated thyroid hormone is available in 15,
30, 60, 90, 120, 180, 240, and 300 mg tablets. The
60 mg tablets contain about 30 mg of T4 (THYROX-
INE) and 9 mg of T3 (TRIODOTHYRONINE) and are
equivalent to about 75 mg (or 0.075 mg) of
LEVOTHYROXINE.

DEXA scan (dual-energy X-ray absorptiometry) A
special type of X-ray used to determine the level of
bone density. Assessment of a DEXA scan can help
a physician make the diagnosis of OSTEOPOROSIS or
the less severe condition known as OSTEOPENIA. The
DEXA scan is considered by many experts as the
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gold standard, not only in making the diagnosis of
osteoporosis but also in following the patient’s
response to therapy for the treatment of osteo-
porosis.

diabetes insipidus (DI) A rare metabolic/endocrine
disorder characterized by massive losses of body flu-
ids through urination. The antidiuretic hormone
(ADH), also known as vasopressin, which is made
by the hypothalamus and stored in the pituitary
gland, is at a reduced level among patients with DI.
In a healthy person, ADH works to decrease urine
flow by increasing the reabsorption of salt and
water in the kidney tubules.

Diabetes insipidus has no relationship to DIA-
BETES MELLITUS, although the twin symptoms of fre-
quent urination and extreme thirst are common to
both diseases. Diabetes insipidus may occur abrupt-
ly in individuals of any age, although it is more
common among adults.

Types and Causes of Diabetes Insipidus

DI is caused by damage to the pituitary gland,
which may result from a head injury, an infection,
a tumor, or a variety of other causes. Some experts
believe DI may be a form of autoimmune disorder.
Diabetes insipidus may also be an inherited disease.
Hereditary forms of DI are called familial diabetes
insipidus or familial neurohypophysial diabetes
insipidus.

Central DI is the most common form of diabetes
insipidus. Unless otherwise stated, researchers who
are discussing diabetes insipidus are referring to
central DI. Another form of DI is nephrogenic DI,
caused by a disorder of the kidneys in which they
are unable to respond to the ADH that is produced.
Nephrogenic DI may sometimes be caused by med-
ications such as lithium.

Dipsogenic DI, a rare form of diabetes insipidus, is
caused by a disorder in the hypothalamus that affects
the mechanism causing thirst. In rare cases, pregnant
women may develop gestational diabetes insipidus,
which is caused by an enzyme in the placenta.

Signs and Symptoms of Diabetes Insipidus

Whether the illness is inherited or acquired, the
symptoms of diabetes insipidus include frequent

urination (typically, greater than four liters per day,
with very dilute urine), fatigue, and excessive thirst.
Unless the person with diabetes insipidus drinks
copious quantities of fluid, he or she will become
severely dehydrated and constipated. However, the
patient will not have hyperglycemia (high levels of
blood glucose), which is the hallmark feature of
both Type 1 and Type 2 diabetes. Some patients
with DI also have severe night sweats.

Infants and Children with DI

If infants with the disease are not treated quickly,
they may suffer from irreversible brain damage or
developmental problems, such as mental retarda-
tion and physical delays. Symptoms of diabetes
insipidus in a baby are fever, vomiting, and con-
vulsions, with high levels of sodium found in the
blood upon laboratory examination. Infants and
children with diabetes insipidus may also have
FAILURE TO THRIVE and experience growth deficits.

Researchers studied 79 children with diabetes
insipidus and reported on their findings in the New
England Journal of Medicine. The children had a
median age of seven years. The researchers per-
formed MAGNETIC RESONANCE IMAGING (MRI) scans
on the children, and they found that most of the
children had certain abnormalities. For example,
18 of the patients had an intracranial tumor, two
had skull fractures, and 12 of the children had
Langerhans’ cells histiocytosis.

Many of the children (61 percent) showed ante-
rior pituitary deficiencies, particularly of growth
hormone, within about a year from the onset of
their diabetes insipidus.

In about 25 percent of the children, there
appeared to be a link between contracting a virus
and the subsequent onset of diabetes insipidus. In
about 30-50 percent of the cases, the cause for the
diabetes insipidus was unknown.

Adults and DI

Among adults, diabetes insipidus is commonly
caused by pituitary tumors of many types as well as
by the surgery and/or radiation used to treat them.
Typically these tumors are benign. However, they
damage the pituitary gland by their mass effect, as
there is very little extra room in the sella turcica
where the pituitary gland sits. Malignant tumors
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may also metastasize to the pituitary gland and
cause DI

A significant head trauma, such as that which
can be caused by motor vehicle accidents or by
gunshot wounds, can also cause DI to occur.
Granulomatous diseases may also cause DI. These
diseases cause the body to respond by creating
granulomas, which are large cells derived from
white blood cell monocytes and used as part of the
body’s immune system defense.

Anything that damages the hypothalamus,
which sits directly adjacent to the pituitary gland,
may also lead to DI. This occurs because the hypo-
thalamus is where ADH is made prior to its transit
to the pituitary gland.

Diagnosis and Treatment

The diagnosis of diabetes insipidus is based on the
patient’s symptoms and on blood tests of glucose
levels that rule out a diagnosis of either Type 1 or
Type 2 diabetes. In order to diagnose DI, the
endocrinologist must document that the patient is
producing a large flow of urine that is quite dilute
and that fails to concentrate to the appropriate
stimuli. In healthy people, if they do not drink
water over a period of time, appropriate hormonal
changes will ensue that cause the urine to become
more concentrated and thus they will lose less
water in their urine and their lives will be sus-
tained. However, in contrast, when individuals
with DI fail to drink water, the hormonal changes
do not occur and instead, the body continues to
pour out diluted urine. As a result, the water dep-
rivation test is used to diagnose DI.

To determine the presence of diabetes insipidus,
a fluid deprivation test is needed on occasion, espe-
cially if the ADH deficiency is only partial.
Sometimes a test known as a dehydration test is
used. This test is used especially if the ADH defi-
ciency is partial or if there is a suspicion of the pres-
ence of psychogenic polydipsia, which is an
extreme intake of water that may stem from an
emotional or psychotic disorder such as untreated
schizophrenia.

Diabetes insipidus is usually treated with desmo-
pressin acetate (DDAVP), a hormone that is avail-
able in several forms: an intravenous or
subcutaneous preparation, a nasal spray, a liquid,

or a tablet. Physicians must be careful to prescribe
the correct dose of this medication. If excessive
amounts of DDAVP are administered, patients may
become water intoxicated. Patients taking this drug
must also be reassessed several times per year.

Other drugs besides DDAVP that increase ADH
secretion are generally not very effective and, con-
sequently, are rarely used. However, in a study
reported in a 1999 issue of the Archives of Internal
Medicine, researchers treated 20 patients with cen-
tral diabetes insipidus with indapamide (Lozol), an
antihypertensive diuretic. The drug worked well on
most patients.

In the case of nephrogenic diabetes insipidus,
recommendations of low-salt diets, thiazide diuret-
ics, and nonsteroidal anti-inflammatory drugs
(NSAIDs) are often used for patients. Gestational
DI usually resolves when the pregnancy ends.

For further information, contact the following
organizations:

Diabetes Insipidus Foundation, Inc.
4533 Ridge Drive

Baltimore, MD 21229

(410) 247-3953

National Kidney and Urologic Diseases
Information Clearinghouse

3 Information Way

Bethesda, MD 20892

(800) 891-5390 (toll-free)

Nephrogenic Diabetes Insipidus Foundation
P.O. Box 1390

Eastsound, WA 98245

(888) 376-6343 (toll-free)
http://www.ndif.org

Maghnie, Mohamad, M.D., et al. “Central Diabetes
Insipidus in Children and Young Adults.” New England
Journal of Medicine 343, no. 14 (October 5, 2000):
998-1,007.

Petit, William A. Jr., M.D., and Christine Adamec. The
Encyclopedia of Diabetes. New York: Facts On File, Inc.,
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Tetiker, Tamer, M.D., Murat Sert, M.D., and Mustafa
Kocak, M.D. “Efficacy of Indapamide in Central
Diabetes Insipidus.” Archives of Internal Medicine 159,
no. 17 (1999): 2,085-2,087.
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diabetes mellitus (DM) Common name for both
Type 1 and Type 2 diabetes. Diabetes mellitus is a
complex disorder of carbohydrates, proteins, and
fats that leads to premature death, usually due to
heart attack and stroke. Many experts think that
although diabetes is commonly considered a dis-
ease of sugar, it is more accurately a vascular dis-
ease that severely affects blood vessels throughout
the body.

Type 1 diabetes is an autoimmune disorder in
which all the insulin-producing beta cells in the
pancreas are destroyed, with patients dependent
upon taking insulin to live. With Type 2 diabetes,
patients” bodies do make insulin but have resistance
to its effects. They are unable to make adequate
insulin to control their glucose levels and the result-
ing metabolic disarray. Most patients with Type 2
diabetes can be treated with nutrition, exercise, and
oral medications. About 7 percent of patients with
Type 2 diabetes lose the ability to make insulin and,
consequently, require insulin therapy.

Risk Factors

According to the Centers for Disease Control and
Prevention (CDC), as of this writing about 18 mil-
lion people in the United States, or 6.3 percent of
the population, have diabetes. This number
includes about 6 million people who have the dis-
ease but do not realize it. From 90-95 percent of all
patients with diabetes mellitus have Type 2 dia-
betes, while 5-10 percent have Type 1 diabetes,
requiring insulin injections. These figures do not
include women with gestational diabetes, which
refers to an estimated 135,000 pregnant women in
the United States who did not have diabetes prior
to their pregnancies.

About one in every five adults over age 65 has
diabetes. The National Diabetes Information
Clearinghouse estimated that the direct medical
costs of diabetes mellitus were $92 billion in 2002.

There are racial differences among patients with
diabetes. African Americans and Native Americans/
Alaska Natives have a greater risk for developing
Type 2 diabetes than Caucasians. In contrast,
Caucasians are more likely to be diagnosed with
Type 1 diabetes.

Most people with diabetes are diagnosed in
adulthood. According to the CDC, only 7.2 percent
of adults with diabetes were diagnosed between
birth and age 19 years (see Table I).

The percentages of people in the United States
who have been diagnosed with diabetes also varies
greatly from state to state according to surveillance
data for 2001 from the CDC. The greatest percent-
ages were found in Puerto Rico (9.8 percent),
Alabama (9.6 percent), and Guam (9.5 percent).
The lowest percentages were found in Alaska (4.0
percent), Utah (4.2 percent), and Minnesota (4.4
percent) (see Table II).

TABLE I: DISTRIBUTION OF AGE AT DIAGNOSIS
OF DIABETES AMONG ADULTS AGED 18-79 YEARS,
UNITED STATES, 2000

Age in Years Percent

0-9 2.4
10-19 4.8
20-29 6.6
30-39 14.4
40-49 24.2
50-59 24.8
60-69 17.0
70-79 5.7

Source: Diabetes Surveillance System, National Center for Chronic
Disease Prevention and Health Promotion, Centers for Disease
Control and Prevention.

Risks Are Increasing for Developing Diabetes
The risk of developing diabetes mellitus is rising.
For example, according to an article in a 2003 issue
of the Journal of the American Medical Association,
researchers estimated the lifetime risk of develop-
ing diabetes among children born in 2000. They
estimated that the risk was 32.8 percent for males
and 38.5 percent for females.

Hispanics had the highest potential risks for
developing diabetes, or 45.4 percent for males and
52.5 percent for females. Said the researchers, “The
lifetime risk of diabetes is comparable with or high-
er than that for many diseases and conditions that
are perceived as common. For example, the life-
time risk of diabetes is considerably higher than the
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TABLE 1l: PREVALENCE OF ADULTS WHO REPORTED EVER HAVING BEEN TOLD BY A
HEALTH PROFESSIONAL THAT THEY HAD DIABETES, 1991, 2000, AND 2001, AND BY SEX, 2001—
UNITED STATES, BEHAVIORAL RISK FACTOR SURVEILLANCE SYSTEM

Both sexes (%) Men Women
2001 2000 1991 Difference (2001) (2001)
State or Territory % 95% CI* (x) % 95% Cl () % 95% CI (x) |1991-2001 % 95% ClI (z) % 95% CI (z)
Alabama 9.6 1.2 7.4 1.2 5.1 1.0 89.3 10.5 2.0 8.8 1.4
Alaska 4.0 1.0 3.8 1.4 4.3 1.3 -7.8 4.0 1.4 4.0 1.4
Arizona 6.1 1.0 5.9 2.2 3.8 1.0 60.1 7.3 1.8 4.9 1.2
Arkansas 7.8 1.2 6.2 1.0 4.8 1.2 63.9 8.4 1.8 7.2 1.4
California 6.5 1.0 6.8 1.2 4.8 0.9 36.8 5.8 1.2 7.1 1.4
Colorado 4.6 1.0 5.1 1.2 2.9 0.8 56.5 5.6 1.8 3.7 1.2
Connecticut 6.3 0.6 5.5 0.8 4.6 1.1 37.6 6.5 1.0 6.0 0.8
Delaware 7.1 1.0 6.4 1.2 4.9 1.2 43.7 7.5 1.8 6.7 1.4
District of Columbia 8.3 1.6 7.2 1.4 6.7 1.7 243 9.6 2.5 7.2 1.8
Florida 8.2 1.0 6.9 0.8 5.1 1.0 60.5 9.1 1.6 7.3 1.2
Georgia 6.9 0.8 6.8 1.0 5.6 1.2 23.2 6.5 1.4 7.2 1.2
Hawaii 6.2 1.2 5.2 0.8 6.5 1.2 -4.0 6.8 2.0 5.6 1.2
Idaho 5.4 0.8 4.9 0.8 3.7 0.9 45.2 5.2 1.0 5.7 1.0
Illinois 6.6 0.8 6.2 1.0 5.1 1.0 30.2 6.7 1.4 6.6 1.2
Indiana 6.5 0.8 6.0 1.0 5.4 1.0 20.8 6.3 1.2 6.8 1.0
lowa 5.7 0.8 6.1 1.0 3.8 1.0 51.6 5.8 1.2 5.6 1.0
Kansas 5.8 0.8 5.9 0.8 -t — — 5.5 1.0 6.1 1.0
Kentucky 6.7 0.8 6.5 0.8 4.8 1.0 40.8 6.9 1.2 6.4 0.8
Louisiana 7.6 0.8 6.6 0.8 6.3 1.3 20.3 6.9 1.2 8.2 1.0
Maine 6.7 1.2 6.0 1.2 4.2 1.2 60.3 7.0 2.0 6.5 1.4
Maryland 6.9 1.0 6.4 1.0 5.2 1.2 32.7 7.1 1.6 6.6 1.4
Massachusetts 5.6 0.6 5.8 0.6 4.4 1.3 26.7 6.0 1.0 5.2 0.8
Michigan 7.2 1.0 7.0 1.0 5.4 0.9 34.3 6.8 1.4 7.6 1.2
Minnesota 4.4 0.6 4.9 1.0 3.7 0.7 18.3 4.4 1.0 4.3 1.0
Mississippi 9.3 1.2 7.6 1.2 7.0 1.4 32.1 8.8 2.0 9.7 1.4
Missouri 6.6 1.0 6.7 1.0 4.1 1.0 63.0 7.0 1.6 6.2 1.2
Montana 5.6 1.0 4.9 1.0 4.9 1.3 13.4 4.9 1.2 6.2 1.6
Nebraska 5.2 0.8 4.9 1.0 4.8 1.2 8.3 4.9 1.2 5.5 1.0
Nevada 5.7 1.4 6.8 2.0 — — — 5.2 1.4 6.2 2.2
New Hampshire 5.4 0.8 4.4 1.0 4.7 1.2 14.2 5.8 1.2 5.0 1.0
New Jersey 7.1 1.0 5.8 0.8 4.3 1.1 64.0 7.3 1.4 7.0 1.2
New Mexico 6.2 1.0 6.5 1.0 3.4 1.1 80.2 5.9 1.4 6.5 1.2
New York 6.6 1.0 6.3 1.0 5.2 1.1 27.7 6.4 1.4 6.8 1.4
North Carolina 6.7 1.0 6.4 1.0 6.3 1.2 6.2 6.8 1.4 6.7 1.0
North Dakota 5.1 1.0 5.2 1.2 4.4 1.0 16.4 4.7 1.4 5.6 1.2
Ohio 7.2 1.0 6.4 1.2 4.5 1.4 61.8 7.5 1.6 6.9 1.2
Oklahoma 7.7 1.0 5.5 0.8 4.0 1.0 91.1 8.3 1.6 7.2 1.2
Oregon 5.7 1.0 6.0 1.0 4.8 0.8 19.0 5.5 1.4 5.8 1.4
Pennsylvania 6.7 0.8 7.1 1.0 6.5 1.1 3.4 6.6 1.4 6.7 1.2
Rhode Island 6.4 1.0 6.0 0.8 5.6 1.1 14.9 7.4 1.4 5.6 1.2
South Carolina 8.1 1.0 7.1 1.0 6.5 1.2 24.8 8.4 1.8 7.7 1.4
South Dakota 6.1 0.8 5.7 0.8 3.4 0.9 79.4 6.6 1.2 5.6 0.8
Tennessee 7.7 1.2 7.2 1.2 7.2 1.1 6.4 7.6 2.0 7.9 1.4
Texas 7.1 0.8 6.2 0.8 4.7 1.1 50.7 7.0 1.2 7.2 1.0
Utah 4.3 0.8 5.4 1.2 3.9 1.0 10.3 4.3 1.4 4.2 1.2
Vermont 5.1 0.8 4.4 0.8 4.5 1.2 13.1 4.6 1.0 5.5 1.0

(continues)
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TABLE 1l: PREVALENCE OF ADULTS WHO REPORTED EVER HAVING BEEN TOLD BY A
HEALTH PROFESSIONAL THAT THEY HAD DIABETES, 1991, 2000, AND 2001, AND BY SEX, 2001—
UNITED STATES, BEHAVIORAL RISK FACTOR SURVEILLANCE SYSTEM (continued)

Both sexes (%) Men Women
2001 2000 1991 Difference (2001) (2001)
State or Territory % 95% CI* (+) % 95% Cl () % 95% Cl (x) [1991-2001 % 95% CI (z) % 95% CI ()
Virginia 6.0 1.0 6.2 1.4 4.2 1.1 439 6.2 1.4 5.8 1.4
Washington 5.7 0.8 5.5 0.8 5.0 1.0 13.3 6.2 1.2 5.2 1.0
West Virginia 8.8 1.2 7.6 1.2 6.0 1.0 47.7 8.9 1.6 8.8 1.6
Wisconsin 5.6 0.8 6.1 1.0 4.9 1.2 15.0 5.9 1.4 5.3 1.2
Wyoming 4.5 0.8 5.0 1.0 - - - 4.1 1.2 4.8 1.0
Guam 9.5 2.5 - - - - - 9.9 3.9 9.1 3.1
Puerto Rico 9.8 1.2 8.5 1.0 - - - 9.1 1.8 10.5 1.6
Virgin Islands 7.2 1.2 - - - - - 4.3 1.6 9.5 2.0
Summary
Both sexes Men Women
2001 2000 1991 (2001) (2001)
No. of states/territories 54 52 48 54 54
Median 6.6 6.2 4.8 6.6 6.5
Range 4.0-9.8 3.8-8.5 2.9-7.2 4.0-10.5 3.7-10.5
Mean 6.6 6.1 4.9 6.6 6.5

* Confidence interval.
tNot available or sample size <50 .

Source: Centers for Disease Control and Prevention, “State-Specific Prevalence of Selected Chronic Disease Related Characteristics—Behavioral
Risk Factor Surveillance System, 2001,” Morbidity and Mortality Weekly Report 52, no. 55-8 (August 22, 2003): 39.

widely publicized 1 in 8 risk for breast cancer
among US women.”

Communication Is Critical Between
Patients with Diabetes and Their Doctors

It is very important that people who have diabetes
understand the basics about their illness as well as
what they need to do in order to manage it suc-
cessfully. In one study, reported in a 2003 issue of
the Archives of Internal Medicine, interactions were
observed between 38 doctors and 74 of their
English-speaking patients when the physicians
were explaining new concepts to their patients.
The researchers found that when patients under-
stood what their doctors were telling them, they
were more likely to have good glycemic control.
This is particularly important among patients who
may have a poor grasp of their illness and what
they need to do to control it. Of particular help is
when doctors assess the patients’ understanding
level. According to the researchers, doing so can

“can uncover health beliefs, reinforce and tailor
health messages, and activate patients by opening a
dialogue.”

Poor Compliance with Treatment

The National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) stated that study
results released in 2004 showed that less than 12
percent of people with diagnosed diabetes meet
their recommended treatment goals for blood glu-
cose, blood pressure, and cholesterol. This occurs
even though research has clearly shown that con-
trolling these conditions dramatically delays or pre-
vents diabetes complications.

Further, the percentage of people complying
with treatment recommendations has improved lit-
tle in the last decade. This is discouraging because
failure to control diabetes leads to an increased risk
for many complications, such as heart attack,
stroke, amputations, DIABETIC RETINOPATHY, DIABET-
IC NEUROPATHY, DIABETIC NEPHROPATHY, and death.
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Complications from Diabetes
Although many people can control their diabetes
with diet, medication, exercise, and weight control,
an estimated 200,000 Americans die each year
from complications due to diabetes, making dia-
betes the sixth leading cause of death in the United
States. The key cause of diabetes-related complica-
tions is heart disease. Patients with diabetes have a
two to four times greater risk of dying from heart
disease than patients who do not have diabetes. In
addition, patients with diabetes have a two to four
times greater risk of suffering from a stroke than
nondiabetic patients. In addition, 73 percent of
adults with diabetes have high blood pressure or
are taking medications for hypertension.

Diabetes is also the leading cause of adult-onset
blindness. Between 12,000-24,000 people in the
United States become blind each year as a result of
complications from diabetes. Others develop kid-
ney diseases; an estimated 38,000 people with dia-
betes die from kidney failure each year in the
United States.

Diabetes is the leading cause of nontraumatic
amputation in the United States. Many patients
with diabetes suffer amputations of the toes, feet,
and legs. An estimated 82,000 Americans have
body parts amputated each year as a result of dia-
betic complications. People with diabetes are also
more likely to die from complications of flu or
pneumonia, and from 10,000-30,000 people with
diabetes die of flu or pneumonia each year. Only
slightly more than half of them (55 percent) get an
annual flu shot although nearly all are eligible for
such injections.

Increasing numbers of people with diabetes are
being hospitalized. For example, according to the
National Center for Health Statistics, in the years
1990-91, there were 121.0 hospital discharges per
10,000 people among those individuals ages 45-54
years old. This rate has steadily increased. Over the
period 2000-01, it was 156.6 per 10,000 people.
The rates of hospitalization also increased for indi-
viduals in the age brackets of 55-64 years, 65-74
years, and 75 years and older (see Table III).
Clearly, diabetes is becoming a greater problem for
middle-aged and senior adults than in past years,
possibly because so many more individuals in these

age groups are either overweight or obese in com-
parison to past years.

TABLE IlI: HOSPITAL DISCHARGE RATES FOR
DIABETES AMONG ADULTS 45 YEARS OF AGE
AND OLDER BY AGE, DISCHARGES PER 10,000

POPULATION: UNITED STATES: 1990-2001

Year 45-54  55-64 65-74 75 years+
1990-1991 121.0 | 270.3 487.3 | 648.0
1992-1993 139.4 | 302.9 536.9 | 699.5
1994-1995 140.3 | 307.3 561.6 | 746.6
1996-1997 148.5 | 322.1 576.1 791.1
1998-1999 151.1 347.8 628.0 | 831.3
2000-2001 156.6 | 344.0 632.4 | 830.6

Source: Centers for Disease Control and Prevention. Chartbook on
Trends in the Health of Americans. Health, United States, 2003.

Costs of Diabetes
The federal government in the United States esti-
mates that the direct and indirect costs of diabetes
are about $130 billion per year and the average
health care cost for a person with diabetes is about
five times greater than that of an age-matched per-
son without diabetes. Some experts believe that
these figures are underestimated.

Medications for Diabetes

The medications used to treat diabetes mellitus
depend on whether the patient has Type 1 diabetes,
which invariably requires some form of insulin deliv-
ery, or Type 2 diabetes, which can often be treated
with oral medications. The Diabetes Prevention
Program studied more than 3,000 people at risk for
developing Type 2 diabetes (they had impaired glu-
cose tolerance/prediabetes). Researchers compared
the effects of diet and exercise to treatment with
medication. One group was given medication
(metformin), and individuals in a second group
(the lifestyle group) were given information and
the goal of dropping their body weight by 7 percent
by exercising. A third group was a placebo group.
The study was ended about a year earlier than
planned because the benefits of weight loss and
medication were so clear. The lifestyle group had a
58 percent lower incidence rate of diabetes than
the placebo group. The medication group had a 31
percent reduced occurrence of developing Type 2
diabetes compared with the placebo group. Clearly,
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exercise and medication can prevent or delay Type
2 diabetes in many people.

Among those who are already diagnosed with
diabetes, studies have shown that improving
glycemic control to reduce hemoglobin Alc blood
tests by even 1 percent will reduce the risk of dia-
betic complications by 40 percent.

Prevention of Diabetes and Diabetic Complications

To date, Type 1 diabetes is a disease that is difficult
or even impossible to prevent, although it can be
well controlled with a careful diet, exercise, and
insulin therapy. Ongoing clinical studies are look-
ing at various means to delay or prevent the onset
of Type 1 diabetes in susceptible individuals, such
as those with impaired glucose tolerance.

Studies have indicated that Type 2 diabetes can be
prevented or delayed in patients at high risk. These
high-risk individuals are obese, have impaired glu-
cose tolerance and are considered to have predia-
betes, and are people with first-degree relatives
(such as a parent or sibling) with Type 2 diabetes.

See also DIABETIC KETOACIDOSIS; GESTATIONAL
DIABETES; HYPERGLYCEMIA; HYPOGLYCEMIA; IMPAIRED
GLUCOSE TOLERANCE; TYPE 1 DIABETES; TYPE 2 DIA-
BETES.

For further information, contact the following
organizations:

American Diabetes Association (ADA)

1701 North Beauregard Street

Alexandria, VA 22311

(703) 549-1500 or (800) 342-2383 (toll-free)
http://www.diabetes.org

National Diabetes Information Clearinghouse
1 Information Way

Bethesda, MD 20892

(800) 860-8747 (toll-free)
http://diabetes.niddk.nih.gov
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diabetic ketoacidosis (DKA) An acute and often
severe metabolic complication that occurs to some
patients with diabetes (both TYPE 1 DIABETES and
TYPE 2 DIABETES). DKA involves a combination of
HYPERGLYCEMIA (excess acid in the blood) and DEHY-
DRATION.

DKA is so serious that it requires patients to be
hospitalized (usually in the intensive care unit) until
they are stabilized. In the worst cases, DKA may lead
to coma and death. Experts report a death rate of
5-10 percent among patients who lapse into diabet-
ic ketoacidosis. DKA may also cause cerebral (brain)
edema, which greatly heightens the risk of death,
especially among children with Type 1 diabetes.

Risk Factors for Developing DKA

The presence of diabetes is the major risk factor for
the development of DKA. Poor glycemic control
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(patients” inadequate monitoring of blood glucose
levels, poor nutrition, and inadequate therapy) is
another risk factor. However, sometimes blood lev-
els can change precipitously no matter how consci-
entious patients are about checking their blood.

One major problem is that not everyone who
has diabetes mellitus is actually aware that they
have the disease. In fact, they may first discover
their illness when they are hospitalized and diag-
nosed with DKA. Ethnicity is another key factor in
DKA. African Americans are twice as likely to be
admitted to the hospital for DKA as Caucasians.
Age is another risk factor, as DKA risks increase
with age.

Symptoms of DKA
Blurred vision, nausea, abdominal pains, and lack
of appetite are all common symptoms of DKA. The
individual may also experience increased urination
and great thirst. Dehydration may be both a symp-
tom and a cause of DKA.

Diagnosis and Treatment

The diagnosis of DKA is based on the patient’s clin-
ical presentation as well as on the results of tests,
such as blood glucose levels and urine and/or
serum acetone levels, all typically high in patients
with DKA. In addition, often an arterial blood gas
is drawn to measure the pH level in the blood,
which shows the level of acidity or alkalinity.
Normal pH is 7.4, while in patients with DKA, it is
less than 7.3.

Once DKA is diagnosed, the patient is given
aggressive fluid resuscitation as well as insulin.
Typically, short-acting insulin is administered intra-
venously and is followed by a continuous intra-
venous drip of the same insulin at a lower level. The
fluid that is usually given initially is normal saline.
Once the patient is producing urine, potassium gen-
erally needs to be administered as the vast majority
of patients with DKA have a total body deficit of
potassium. Once the emergency issues are treated,
the physician must determine the underlying cause
of the DKA and treat that cause aggressively.

Once the patient has sufficiently recovered, the
physician will emphasize the importance of main-
taining blood glucose levels that are as close to nor-
mal as possible with the hope that there will be no

further relapses into DKA. Patients who have been
hospitalized for DKA should wear a medical identi-
fication bracelet that shows they have diabetes so
that if the condition recurs, they will be likely to
obtain proper medical care in a timely manner. For
patients with diabetes, speed in treatment may
mean the difference between life and death.
See also COMA.
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diabetic nephropathy Kidney disease that stems
directly from DIABETES MELLITUS and that may ulti-
mately result in kidney failure. According to the
National Diabetes Information Clearinghouse, in
2001 nearly 43,000 patients with diabetes began
treatment for end-stage renal disease (another
name for kidney failure).

Patients who have diabetic nephropathy repre-
sent nearly half (42 percent) of all the kidney fail-
ure patients in the United States. Diabetic
nephropathy is also the cause for either kidney
dialysis or a kidney transplant among an estimated
100,000 people each year. Most patients with dia-
betic nephropathy also suffer from DIABETIC
RETINOPATHY, a disease of the eye.

Unfortunately, patients with kidney disease usu-
ally do not have any symptoms until less than 25
percent of their kidney function remains. However,
diligent testing by physicians, such as testing for
very small amounts of protein in the patient’s
urine, can often detect an early onset of kidney
dysfunction. Blood tests to measure creatinine and
blood urea nitrogen (BUN) can also be monitored
by physicians every three to six months, but these
tests are less sensitive than monitoring the urine
for protein. Increases in creatinine and BUN levels
are also indicators of kidney disease.

The current standard of care is to monitor the
patient first with a simple dipstick urine test. If pro-
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tein is present in the urine, the patient has overt
proteinuria. The patient will need strict attention to
glycemic control, blood pressure, and lipids as well
as treatment with angiotensin-converting enzyme
(ACE) inhibitor mediations or angiotensin receptor
blockers (ARBs).

If no protein is seen in the urine dipstick test, a
second, more sensitive test for urine microalbu-
minuria can be obtained. Typically, this is a
radioimmunoassay that detects tiny amounts of
protein in the urine. If patients have less than 30
mcg of albumin per mg of creatinine, their levels
are considered normal. If the level is 30-300 mcg
albumin per mg of creatinine, patients have
microalbuminuria. These patients are treated with
ACE and/or ARB drugs, and strict attention is paid
to their glucose and lipid levels.

When the level is greater than 300 mcg of albu-
min per mg of creatinine, patients have macroal-
buminuria or overt proteinuria. Once a patient has
a serum creatinine level greater than 1.8 mg/dl or
has had greater than 1,000 mg of protein in their
urine over 24 hours, he or she should be referred to
a nephrologist for further consultation and therapy.

Causes of Nephropathy

The cause of diabetic nephropathy is often a com-
bination of both hypertension and diabetes.
Patients with these two medical problems have a
mortality risk that is increased by 37 times over
that of patients with one of these ailments. Patients
with diabetes who do not have hypertension can
also develop diabetic nephropathy, although their
risk is reduced compared with patients who have
both medical problems.

Because of the links connecting diabetes and
hypertension with kidney disease, patients with
both hypertension and diabetes must comply close-
ly with the medical regimens prescribed by their
physicians for decreasing high blood pressure.
These regimens include taking medication, losing
weight (if weight loss is recommended), and fol-
lowing other medical advice.

Patients with diabetes should work hard to keep
their glucose levels as close to normal as possible by
testing their blood on a regular basis and, if neces-
sary, acting on the information provided by the
blood tests. In a major study of people with dia-

betes, the federally funded Diabetes Control and
Complications Trial Research Group, 1,441 subjects
with Type 1 diabetes were studied from 1983-93.
The study definitively proved that the group that
successfully and tightly controlled their diabetes had
a 50 percent reduced risk for kidney disease (and
also a 60 percent reduced risk for nerve disease).

Signs and Symptoms

In the early stages of the disease, there may be few
or no symptoms, although there may be micro-
scopic levels of albumin and increased creatinine
levels. As the illness progresses the albumin and
creatinine levels increase, and the proteinuria
becomes apparent. If the patient’s kidneys further
deteriorate, symptoms such as malaise and itchy
skin may develop. Patients may show fatigue and
decreased endurance. They may also retain fluid in
the ankles and elsewhere in the body.

Physicians should check the urine of their
patients with diabetes on a regular basis to detect
any early signs of diabetic nephropathy. That way,
it can be treated before the condition becomes too
advanced and the patient requires kidney dialysis
and a kidney transplant.

Genetic Risks
Researchers have found that the siblings of patients
who have both diabetes and kidney disease have
five times the risk of developing diabetic nephropa-
thy themselves. In the future, doctors may be able
to estimate a patient’s risk by the detection of vari-
ous forms of the ACFE gene.

Diagnosis and Treatment
The diagnosis of diabetic nephropathy is based on the
patient’s symptoms and laboratory tests. Physicians
may order a 24-hour urine collection, a test that pro-
vides a good estimate of kidney function and also
measures excess amounts of protein being lost in the
urine. If detected early, diabetic nephropathy can be
treated with medications. In most cases, ACE
inhibitors and/or ARB blockers are used to slow
down the progression of kidney disease.
Blood pressure is also a consideration. The goal
blood pressure may be as low as 120/70 if clinical-
ly indicated in patients with kidney disease.
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See also BLOOD PRESSURE/HYPERTENSION; TYPE 1
DIABETES; TYPE 2 DIABETES.

Petit, William A. Jr., M.D., and Christine Adamec. The
Encyclopedia of Diabetes. New York: Facts On File, Inc.,
2002.

diabetic neuropathy Nerve damage directly
caused by diabetes. Diabetic neuropathy may result
in a variety of ailments, including a loss of feeling
in the feet or hands, the delayed digestion of food,
ERECTILE DYSFUNCTION, and many other medical
problems. About 60-70 percent of all patients with
diabetes will eventually suffer from some neuropa-
thy, ranging from a mild to a severe form.
Maintaining excellent glucose control may delay or
prevent the development of neuropathy.

When the nerves of the face are affected, dia-
betic neuropathy can mimic symptoms of a stroke
and may also cause a facial droop similar to that
found in Bell’s palsy. Diabetic neuropathy may also
cause an eyelid droop. These types of neuropathies
are caused by nerve attacks, a sudden blockage of
blood flow to the nerve. This problem is similar to
that of a heart attack or a stroke. Syndromes affect-
ing the cranial nerves are called cranial mononeu-
ropathies.

A radiculopathy is a painful neuropathy in
which a nerve root is directly affected. If the nerve
root supplying the area is located just below the
right lower ribs of the patient, it can mimic a gall-
bladder attack. If the radiculopathy is located in the
nerves of the lower legs, it can cause sciatica.

Other Focal Neuropathies

Patients with diabetes are more commonly affected
than nondiabetics by carpal tunnel syndrome (in
the fingers) and tarsal tunnel syndrome (in the
foot, typically in the heel). These syndromes may
occur because of a deposit of carbohydrates and
proteinlike material in the canals where the nerves
run. The problem may also be caused by medica-
tions as well as by blood flow problems.

Damage to the peroneal nerve in the foot can
lead to foot drop. This is the inability to extend the
foot, causing it to drag when walking.

Diagnosis
Physicians diagnose diabetic neuropathy based on
the patient’s medical history and physical examina-
tion. The most common form of neuropathy, the
stocking-glove form, or peripheral sensory neu-
ropathy, is often diagnosed based on history alone.
These patients typically complain of numbness, tin-
gling, burning, or a sense that something is in their
shoe. In addition, they note that their symptoms
increase when they remove their socks and shoes
and try to go to sleep. They often complain that the
bedclothes bother their feet. This very sensitive
feeling is called hyperesthesia.

Early on in this disorder, the nerve conduction
studies and electromyograms that are usually done
are not helpful and often have normal findings.
This is because they measure larger myelinated
nerve fibers that are affected much later in the
course of the disease. On examination, these
patients may have loss of ankle reflexes or changes
in sensory testing to stimuli such as vibration and a
light touch with nylon microfilaments.

Treatment

Diabetic neuropathy may also cause chronic and
sometimes severe pain. People with diabetes may
need medications or creams. The first therapy is to
tighten glucose control to as near-normal levels as
possible. Patients are also counseled to stop smok-
ing and to normalize their blood pressure and lipid
levels. Often medications are given at bedtime,
when patients’ symptoms are typically the worst.

Simple analgesics such as acetaminophen
(Tylenol) may be given to patients. The drug tra-
madol (Ultram), which is a nonnarcotic and not a
nonsteroidal anti-inflammatory medication (NSAID),
is given if acetaminophen provides insufficient pain
relief. Many people do not wish to take narcotics or
NSAIDs because of their side effects. The next med-
ication usually tried is in the class of antiseizure or
antidepressant medications. Antidepressants such as
amitriptyline (Elavil) or nortriptyline (Aventyl or
Pamelor) or the antiseizure drug gabapentin
(Neurontin) may be used.

When a patient has a lancinating (shooting) form
of pain, carbamazepine (Tegretol) is also very helpful.
Memantine (Namenda and Axura), a medication
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currently indicated to treat Alzheimer’s disease, has
also been found to be effective in reducing neuro-
pathic pain for patients.

If the neuropathy is in a very localized area, top-
ical medications such as capsaicin or lidocaine can
be used. As a last resort, narcotics have been used
with success.

See also TYPE 1 DIABETES; TYPE 2 DIABETES.
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diabetic retinopathy Disease of the retina of the
eye, directly stemming from diabetes mellitus.
Diabetic retinopathy is the most common eye dis-
ease found among people diagnosed with diabetes.
According to the National Institutes of Health
(NIH), diabetic retinopathy causes from
12,000-24,000 new cases of blindness each year
and is estimated to cause 12 percent of all new
cases of blindness each year. It is also the leading
cause of adult-onset blindness.

Diabetic retinopathy is at least partially caused by
high levels of glucose that result in varying levels of
harm to the blood vessels in the retina. Other fac-
tors, such as a genetic predisposition to developing
the disease, hypertension, smoking, hyperlipidemia,
and kidney disease, may worsen the retinopathy.

An early diagnosis, determined by a dilated eye
examination and followed by appropriate treat-
ment, could prevent the loss of sight for over 90
percent of patients with diabetes. Because the early
stages of the disease produce no symptoms, only an
early eye examination will detect possible prob-
lems. However, according to the National Institutes
of Health, less than half (47 percent) of all patients
diagnosed with diabetes have annual eye examina-
tions. In its Healthy People 2010 plan, the federal
government has set a goal that 75 percent of all
adults with diabetes have a dilated eye examina-
tion each year.

The National Diabetes Eye Examination Program
offers free eye examinations to patients with dia-
betes who are over age 65 and on Medicare.

Risk Factors

People with TYPE 1 DIABETES are at greater risk for
developing retinopathy than patients with TYPE 2
DIABETES. In fact, almost all patients who have had
Type 1 diabetes for 15 or more years have some
degree of retinopathy. Patients with Type 2 diabetes
who require insulin are also likely to develop
retinopathy.

African Americans who have Type 1 diabetes are
particularly at risk for developing diabetic retinopa-
thy. In fact, African Americans with diabetes face a
40-50 percent greater risk than Caucasians with dia-
betes of developing diabetic retinopathy. Hispanics
with diabetes, especially Mexican Americans, are also
at high risk for developing the condition. It is also
possible for children who have diabetes to suffer
from diabetic retinopathy, although the risk appears
to be low, especially prior to the onset of puberty.

The people with diabetes who are the most like-
ly to suffer from diabetic retinopathy include those
who:

¢ Did not control their diabetes in the first years
after diagnosis

e Have had diabetes for 17 or more years

e Experience high blood pressure

e Are African American, Native American, or
Hispanic

e Have high cholesterol levels

e Have had gestational diabetes

e Are smokers

¢ Abuse alcohol

e Have other illnesses, such as kidney disease

e Have a genetic risk for eye disease

Indications of Diabetic Retinopathy
Few symptoms of early diabetic retinopathy are
detectable to the patient. This is why screening
examinations are so critical. Some early symptoms
may be a worsening of peripheral (side) vision or
worse color vision. A dilated eye examination per-
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formed by an ophthalmologist (a medical doctor
who specializes in eye diseases) or an optometrist
should reveal the problem. Symptoms may often
be mistaken by the patient as minor problems or as
signs of aging.

Diagnosis and Treatment

A dilated eye examination will detect diabetic
retinopathy, which is why annual eye examina-
tions are crucial for all adults who have been diag-
nosed with diabetes. Patients with Type 1 diabetes
should begin annual eye examinations after having
diabetes for five years. In contrast, those with Type
2 diabetes should have a yearly examination
beginning the year they are diagnosed. This is due
to the fact that many patients with Type 2 diabetes
have had metabolic derangements for seven to 12
years prior to diagnosis.

Treatment of Diabetic Retinopathy

If diabetic retinopathy is in the early stages, tight
glycemic control may help. This means that the
person with diabetes must carefully note glucose
levels and respond to significant changes.

When the retinopathy is advanced, laser sur-
gery, which is also known as photocoagulation,
may help the patient. The physician uses a special
laser to make tiny burns over the surface of the
retina and to destroy blood vessels that are growing
over the surface of the eye or stop leakage from
retinal vessels.

Laser photocoagulation is very successful in
most patients who have diabetic retinopathy. This
procedure also reduces the risk of blindness in peo-
ple with diabetic retinopathy by approximately 50
percent. The advantages of laser therapy are that
no incision is required and that it can be performed
on an outpatient basis. The procedure is best done
when the patient’s eyesight is still normal or near-
ly normal. A disadvantage of the surgery is that it
does not always resolve the problem.

Sometimes surgery requiring an incision must
be performed to preserve vision. The vitrectomy is
a surgical procedure that removes old blood and
scar tissue from within the eye, all of which have
resulted from the disease.

See also EYE PROBLEMS.

For further information, contact:
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P.O. Box 7424
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http://www.nei.nih.gov/nehep
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dwarfism A skeletal deformity, usually inherited,
that causes below-normal height (usually the indi-
vidual is less than four feet, 10 inches in height)
and often results in other characteristic features,
such as a broad forehead, a large head compared
with the body, and disproportionately short arms
and legs. (Individuals with pituitary dwarfism,
however, have arms and legs that are proportional
to their bodies.) In rare cases, dwarfism is caused
by a growth hormone deficiency. There are an esti-
mated 200 different types of dwarfism. However,
the most common form is achondroplasia, which
represents about 50 percent of all cases.

It should be noted that some individuals with
dwarfism are offended by the term dwarf, and they
prefer to be known as little people or as a person of
short stature. Others, however, do not have a prob-
lem with the words dwarf or dwarfism.

Achondroplasia

The most common form of dwarfism is achon-
droplasia, which occurs in about one in 15,000 to
one in 40,000 births. (Researchers have been
unable to narrow the incidence any more precisely
than this range.) Most people with achondroplasia
are about four feet in height and were born to
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nondwarf parents of average size. Nearly all (97
percent) of individuals with achondroplasia have a
mutation in their fibroblast growth factor receptor
(FGFR) 3 gene. Individuals with achondroplasia
usually have small stature, large heads, flattened
bridges of the nose, short upper arms and legs, and
incomplete elbow extensions. Children with
achondroplasia are at risk for obstructive apnea (a
breathing disorder) and hydrocephalus (enlarge-
ment of the brain).

It is important to note, however, that despite
these variations from the appearance of the aver-
age person, many people with achondroplasia lead
normal lives. Additionally, most of them are fertile.

Other Forms of Dwarfism

Although achondroplasia is the most common
form of dwarfism, there are other types as well.
These include hypochondroplasia, thanatophoric
dysplasia (TD), and severe achondroplasia with
development delay and ACANTHOSIS NIGRICANS
(SADDAN).

People with hypochrondroplasia are of small
stature and have bowed limbs. They may have nar-
rowed spines and lumbar lordosis.

Thanatophoric dysplasia is so severe that it is
usually fatal. This form of dwarfism occurs in an
estimated one of every 60,000 births, and most of
these babies die as newborns.

Individuals with SADDAN suffer from chronic
seizures and hydrocephalus during infancy. Both
their intellectual and motor development is much
delayed.

Pituitary dwarfism, which is also known as
growth hormone deficiency dwarfism, is caused by
a growth hormone deficiency rather than by an
inherited defect. (People with pituitary dwarfism
were formerly called midgets; however, that term is
considered particularly offensive by most people of
short stature.)

About 10,000-15,000 people in the United
States have pituitary dwarfism. People with pitu-
itary dwarfism have arms and legs that are propor-
tionately sized to their short stature. Sometimes
children with pituitary dwarfism are treated with
growth hormone. Children born with pituitary
dwarfism may grow normally until they are about

two or three years old, when their growth lags
behind that of other children their own age.

Diseases That May Cause Short Stature

Some medical problems, such as MCcCUNE-
ALBRIGHT SYNDROME, TURNER SYNDROME, and CON-
GENITAL ADRENAL HYPERPLASIA, may result in
dwarfism and short stature. Treatment may help
mitigate the growth outcome if the child is treated
early enough. Children who experience EARLY
PUBERTY are also at risk for short stature. OSTEOGE-
NESIS IMPERFECTA, an inherited condition of brittle
bones, may also cause dwarfism, and individuals
with this condition usually do not exceed three feet
in their final height.

Treatment of Dwarfism

Treatment depends on the nature of the dwarfism.
Growth hormone may be used in children whose
bones have not yet fused. In a study reported in a
1996 issue of the Journal of Clinical Endocrinology ¢
Metabolism, Shohat and colleagues reported on
their study of 15 children with achondroplasia and
hypochondroplasia who were treated with growth
hormone. The children’s ages ranged from three to
12 years. The children showed significant growth,
particularly the children with hypochondroplasia.
The body disproportion did not increase with
growth as the researchers had feared it might.

Children and adults with dwarfism may require
joint replacement because of early wear and tear on
the joints. Some adults have back fusion or neck
fusion surgery to strengthen that part of their spine.

Limb lengthening is a controversial form of treat-
ment, in which the bones are cut and pins are insert-
ed to cause new bone growth and lengthening. It is
a very painful process that takes at least two years
and has not been evaluated as of this writing.

Daily Living
Individuals of short stature need to make many
daily adaptations. For example, they may need spe-
cial tools to help them reach light switches and
other common devices. The child or adult may
need an expandable wand to enable her to reach
the toilet paper holder in bathrooms. Simple stools
will enable the child or adult to reach many areas
that are too high for their arms. Adaptations will
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need to be made to cars so that adults can drive.
Some experts recommend that air bags be removed
from the car, because if activated, they can be very
dangerous to adults of small stature.

There are also emotional and psychological pres-
sures upon persons of short stature. Children and
adults must face staring from children and adults as
well as questions and sometimes negative com-
ments from others. Some people treat persons of
short stature as if they were children. During
school years, physical education with other chil-
dren or adolescents may be difficult or even dan-
gerous. Instead, the individual’s other talents, in
music, art, or other abilities, should be encouraged.

See also GROWTH HORMONE.

For further information on dwarfism, contact:
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early puberty An earlier-than-normal onset of
the body changes that normally occur during ado-
lescence. Early puberty is generally defined as
occurring in girls younger than age eight and boys
younger than age nine. However, early puberty can
occur in children as young as two or three years old.
Early puberty is also known as precocious puberty.

Some children are at particular risk for develop-
ing early puberty, such as boys with KLINEFELTER
SYNDROME and girls with MCCUNE-ALBRIGHT SYN-
DROME, follicular cysts, or stromal cell ovarian
tumors. Early puberty can also be seen in children
who have cerebral palsy, NEUROFIBROMATOSIS TYPE 1,
CONGENITAL ADRENAL HYPERPLASIA, or fetal alcohol
syndrome. In boys, precocious puberty is often due
to tumors, radiation therapy, or a hypothalamic dis-
order with increased secretion of gonadotropin-
releasing hormone (GnRH).

If children are under the age of five or six years
old, hormones that are administered may help to
suppress the puberty. After that age, the physical
changes may be difficult or impossible to reverse,
although studies have shown that growth in height
can be stimulated by medications for at least sever-
al years.

In a study of 105 female patients with preco-
cious puberty, reported in a 2003 issue of Pediatrics,
researchers found that about 12 percent of the
patients had other endocrine diseases or disorders,
including McCune-Albright syndrome, growth
hormone deficiency, hyperinsulinism, HYPOTHY-
ROIDISM, neurofibromatosis, and PITUITARY ADENO-
MAS. The researchers in this study identified
precocious puberty in girls as occurring before age
seven or eight years in Caucasian girls and before
age six to eight years in African-American girls.
(The reason for the discrepancy is that research has
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demonstrated that often African-American girls
experience normal puberty before Caucasian girls.)
The researchers found that bone ages were
advanced by as much as five years in the girls who
had at least two signs of pubertal development.
Some girls with breast development alone had a
bone age that was well advanced for their years.
Early puberty is problematic because it means the
child’s growth will end prematurely and, conse-
quently, these children will attain a height much
lower than that of their peers. Though it is not a
form of DwARFISM, the short stature of individuals
with an early puberty may be in the similar range
of individuals who are diagnosed with dwarfism.

Early Puberty and Internationally Adopted Girls
In several cases, some children (especially girls)
who were adopted from orphanages in poor coun-
tries by parents in North America or Europe have
evinced an early puberty. Physicians speculate that
the child who was living in an orphanage at a sub-
sistence level and who was then adopted and given
all the food she or he needed experienced a surge
of growth that may have triggered a change to the
brain that caused the onset of the early puberty.

In a 1998 study reported in the Archives of Disease
in Childhood, Ttalian researchers studied 19 girls
adopted from India by Swedish families and who
all experienced an early puberty. The researchers
found that hormone treatment to suppress the
puberty, which sometimes started at age four, was
largely unsuccessful. In general, girls adopted
before the age of three are less likely to experience
an early puberty than girls adopted at an older age.
In addition, girls who have a very dramatic growth
spurt within two years of adoption are more likely
to experience an early puberty.
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Pediatrician and international adoption expert
Jerri Ann Jenista, M.D. has stated that children
with even subtle indications of an early puberty,
such as body odor, any pubic or underarm hair, or
acne, should be seen by a pediatric endocrinologist
as soon as possible to determine if the child has
experienced an early puberty or another illness
and what, if anything, can be done to help the
child.

Signs and Symptoms

The signs of early puberty are the appearance of
body hair in males and females (pubarche), enlarg-
ing testicles in males, and breast budding (thelarche)
in females. Other signs such as menstruation may
develop. In boys, a variety of tests are taken, includ-
ing a pituitary computerized tomography (CT) scan
or a magnetic resonance imaging (MRI) scan as well
as tests to ascertain bone age and human chorionic
gonadatropin (HCG) level. HCG can be secreted by a
Leydig cell tumor. In girls, a pelvic ultrasound is
taken. In all children, thyroid function is measured.

Pseudoprecocious puberty can also be caused by
the use of exogenous sex steroid hormones.

Psychological Consequences of Precocious Puberty

As might be expected, it can be very difficult for a
child to experience an early puberty. A 12-year-old
girl has enough difficulty coping with menstrual
periods, but at least many of her peers will be going
through the same situation at about the same time.
In contrast, it is not at all normal for a four- or five-
year-old girl to have breasts and menstrual cycles.
People can make cruel comments to such children.
Children may also need to undergo therapy to help
them deal with the behaviors of others. Family
therapy may help family members learn how to
cope with the actions of others.

Diagnosis and Treatment

In most cases of precocious puberty, the diagnosis is
not difficult because a physical examination of the
child reveals a sexual maturity beyond the norm
for the child’s age. In addition, the physician may
order a gonadotropin-releasing hormone (GnRH)
stimulation test. If the test results are greater than
seven to 10 IU/I, the diagnosis of precocious puber-
ty is made. A pelvic ultrasound is usually ordered

for girls to rule out an ovarian tumor or cyst or
McCune-Albright syndrome.

Boys with suspected early puberty should be
tested for androgen levels. If they are elevated, this
may indicate the boy has congenital adrenal hyper-
plasia or a tumor of the adrenal glands. The thyroid
level of the child should also be tested. In some
cases, hypothyroidism is the cause for early puber-
ty in girls, and treatment with thyroid hormone
causes a remission and, for example, the regression
of breast development.

Treatment is aimed at maximizing final adult
height, avoiding premature menstruation and sexual
activity, and treating associated psychosocial issues.
Some physicians treat children with early puberty
with medications such as luteinizing hormone-
releasing hormone (LHRH) agonist drugs.

In a study reported in a 2001 issue of the
Journal of Clinical Endocrinology ¢ Metabolism by the
National Institutes of Health, researchers found
that treatment with LHRH agonist medications in
girls before the age of eight years and in boys
before age nine was effective at improving their
final height. The 98 children, including 80 girls
and 18 boys with precocious puberty, were treat-
ed with deslorelin for two or more vyears.
Although most of the children did grow, they
were still shorter than the norm. The researchers
also found that even girls with a bone age of 13
years when treatment had started showed
improved growth.

See also DELAYED PUBERTY.
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eating disorders Generally refers to either
ANOREXIA NERVOSA (self-starvation) or bulimia
nervosa, a condition in which the patient binges
and then self-induces vomiting. Some patients
abuse laxatives. Binge eating disorder is another
form of an eating disorder, in which patients eat
large quantities of food several times a week, far
beyond when they feel full. They may be obese or
may be of normal weight. Binge eating disorder is
different from bulimia nervosa in that the patients
do not induce vomiting. Eating disorders can be
difficult to diagnose and treat. Some experts also
characterize OBESITY as an eating disorder, while
most consider it to be a separate medical problem
in its own right.

One unique eating disorder is hyperphagia, an
uncontrollable desire to continue eating because of
a continuously ravenous and insatiable appetite.
This medical problem is rare and is primarily found
among individuals with PRADER-WILLI SYNDROME.
Some experts report that such patients have
extremely elevated levels of GHRELIN, a hormone
that controls appetite. The parents or caregivers of
patients with Prader-Willi syndrome actually have
to lock up the refrigerator and kitchen cabinets or
the patient would eat everything in there. These
patients are obese.

Eating disorders may cause or worsen existing
endocrine problems, such as making diabetic
patients more ill. Eating disorders that lead to severe
weight loss may also cause AMENORRHEA as well as
OSTEOPOROSIS.

There is a fairly high incidence of eating disor-
ders in young patients with TYPE 1 DIABETES, espe-
cially females. Early on, these patients realize that
by omitting their insulin doses and allowing their
glucose levels to run very high, this action puts
them in a catabolic state with significant weight
loss. Often this manipulation is subtle and vehe-
mently denied by the patient.

Diagnosis and Treatment

Eating disorders are diagnosed via the patient’s his-
tory and physical examination. The history (often
given by others) that reveals symptoms such as
excessive eating or refusal to eat, anorexia, nausea,
fatigue, and constipation may point to an eating
disorder. Physical signs, such as the loss of enamel
on the teeth, bruises on the knuckles of the hands,
weight loss, the growth of lanugo hair (very fine
body hair), and the presence of carotene in the
urine (carotenemia) may suggest an eating disorder
such as anorexia nervosa.

Treatment is individualized but usually involves
the patient’s primary care provider, an endocrinol-
ogist, a gastroenterologist, and a psychiatrist. In
severe cases, patients require hospitalization. Some
patients need long-term residential treatment.

See also IMPAIRED GLUCOSE TOLERANCE.

For further information on eating disorders,
contact the following organizations:

Academy for Eating Disorders
60 Revere Drive

Suite 500

Northbrook, IL 60062

(847) 498-4274
http://www.aedweb.org

Harvard Eating Disorders Center
55 Fruit Street

YAW 6900

Boston, MA 02114

(617) 726-8470
http://www.hedc.org

National Eating Disorders Association
603 Stewart Street

Suite 803

Seattle, WA 98101

(206) 382-3587
http://nationaleatingdisorders.org
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National Center on Addiction and Substance Abuse at
Columbia University. Food for Thought: Substance Abuse
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elderly Generally defined as individuals who are
age 65 and older. Older people have an increased
risk for some endocrine diseases and disorders,
such as TYPE 2 DIABETES, OSTEOPOROSIS, and thyroid
disease (especially HYPOTHYROIDISM), as well as for
some endocrine cancers, such as OVARIAN CANCER
and PANCREATIC CANCER.

Undiagnosed endocrine diseases can present
serious risks to elderly individuals. For example,
the majority of patients experiencing a MYXEDEMA
COMA (a thyroid crisis) are older people who were
previously not diagnosed with hypothyroidism.
This disease may be brought on by the administra-
tion of sedating/hypnotic drugs that are given in
the hospital to previously undiagnosed elderly,
hypothyroid patients.

Diagnosis of Endocrine Diseases in

the Elderly May Be Difficult
Sometimes physicians do not realize the signifi-
cance of signs and symptoms found among older
people. For example, patients may complain of
joint pain and weakness. Many doctors may
attribute these problems to arthritis and aging
when they may instead be caused by more unusu-
al diseases and disorders, such as hyperparathy-
roidism.

Older patients may have serious sleep disorders
that have gone unidentified. These disorders may
be caused by pineal gland insufficiency, which can
be treated with controlled-release melatonin. In a
study in Israel of 12 elderly individuals, all of whom
complained of chronic insomnia, researchers found
below-normal blood levels of the main melatonin
metabolite, 6-sulphatoxymelatonin. The subjects
were treated for three weeks with controlled-
release melatonin and then for three weeks were
given a placebo. The patients’ sleep efficiency was
measured with a wrist actigraphy device.

The researchers found that the sleep efficiency
was significantly improved during the period when

the patients were taking melatonin compared with
when they took the placebo. The researchers con-
cluded, “Melatonin deficiency may have an impor-
tant role in the high frequency of insomnia among
elderly people. Controlled-release melatonin therapy
effectively improves sleep quality in this population.”

Although it is often true that the first and most
obvious diagnosis of a patient is usually the right one,
when a patient does not improve with treatment,
physicians should explore other possible causes of
the medical problem. Many illnesses experienced by
older people can be diagnosed and treated.

Ageist Attitudes May Blind Some
Physicians to Existing Disease

Ageist attitudes, that older people are supposed to
feel ill and that it is normal and acceptable for them
to feel sick, may sometimes prevent otherwise
competent physicians from exploring a variety of
causes of medical complaints from older people. If
elderly patients or their caregivers (such as family
members) feel that ageist attitudes are preventing
the patient from receiving a proper diagnosis and
treatment, other physicians should be sought.

Multiple Medical Problems

Sometimes the diagnosis of an endocrine disease
means that older patients have an increased risk for
experiencing other medical problems. Elderly indi-
viduals with diabetes are at risk for thyroid dis-
eases, kidney diseases, eye disorders, cardiac
ailments, and other disorders. In one study report-
ed in a 2000 issue of Clinical Endocrinology,
researchers found that older subjects with subclin-
ical hyperthyroidism were at an increased risk for
developing dementia.

Researchers have also found that older women
with HYPERTHYROIDISM have a three times greater
risk of suffering from FRACTURES than women of
the same age with normal THYROID-STIMULATING
HORMONE (TSH) levels. These findings were based
on a study of 686 white women older than age 65
at four clinical centers in the United States. All the
patients had hyperthyroidism, and the patients
were a subset of a much larger study of nearly
10,000 patients, the Study of Osteoporotic
Fractures Research Group. The study was reported
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in a 2001 issue of the Anmnals of Internal Medicine.
The fracture risk was based on actual fractures
experienced by the women over nearly six years
and was verified by X-rays.

Medications May Act Differently on Older People

Physicians should realize that medications that
may work well in younger people can sometimes
cause harm to older people. Additionally, some-
times older people need a different dose of a med-
ication than do younger people.

The kidneys and livers of elderly people often
are less efficient than those of younger people, and
their overall metabolisms may be much slower,
even when no evidence exists of thyroid disease. In
addition, some drugs may further exacerbate other
existing medical problems. For example, met-
formin, a medication often used to treat diabetes,
can cause lactic acidosis, which is dangerous in
patients with renal insufficiency or heart disease.

Signs and Symptoms of Endocrine
Disorders May Be Different

Sometimes when older people have endocrine dis-
eases and disorders, they do not have the same
symptoms or signs as seen among younger people
who have the same disease. For example, older
people with hypothyroidism may present with few
or no symptoms or with symptoms that are easily
overlooked, such as fatigue and general achiness as
well as various vague complaints. Older people with
thyroid disease often do not have GOITERS, whether
they have hyperthyroidism or hypothyroidism.

Older patients with hyperthyroidism may not be
hyperactive but, instead, may appear apathetic and
depressed (apathetic thyrotoxicosis). Physicians
need to realize that the symptoms of older people
with thyroid disease may be much more subtle
than those found in younger individuals.

Laboratory Tests and Values May Differ in Elderly

When older people have endocrine diseases, some
of the laboratory tests used to diagnose them
should be different than those used to diagnose
younger people. For example, when hypothy-
roidism is present among older people, often the
TSH values may be in the normal range despite the

presence of hypothyroidism. Another laboratory
test, of free T4 levels, may indicate the presence of
hypothyroidism.

Tests for thyroid-releasing hormone (TRH) may
also be useful in older women but are not usually
valid to diagnose thyroid disease among older men.
In general, the older the patient, the less well the
pituitary gland responds to a variety of stimuli. This
is truer for men than for women.

Other laboratory tests may help to diagnose thy-
roid disease present in senior citizens, such as a
check of the creatine phosphokinase (CPK) levels,
which are elevated when thyroid disease is present
in older people. Some older people also have ane-
mia with hypothyroidism, which responds to treat-
ment with LEVOTHYROXINE (L-thyroxine), a thyroid
supplement.

Treatment May Be Different for Older People
Once illness is determined, the treatment for the
medical problem may not be the same as for
younger people. For example, doctors may decide
that surgery for thyroid disease is too dangerous or
not indicated in an older patient. However, it is
important to distinguish between whether treat-
ments may be unsafe, and thus should be avoided,
and the presence of ageist attitudes among some
doctors, who may assume that older people should
accept illness as a part of aging.

Older People and Diabetes

An estimated 11 percent of all Americans ages six to
74 years have diabetes. Among Americans age 65
and older, an estimated 20 percent have diabetes,
although only about half are aware that they have
the disease. Among some racial groups, such as
African Americans and Native Americans, diabetes is
among the top five causes of death of older people.

According to John R. White Jr. and R. K.
Campbell, authors of the chapter on managing
Type 2 diabetes in the book Diabetes Mellitus in the
Elderly, “The [older] patient with diabetes is 25
times more likely to become blind, 17 times more
likely to develop kidney disease, 20 times more
likely to develop gangrene, and 2 times more like-
ly to suffer a stroke or a heart attack than aged
matched cohorts without diabetes. However,
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recent studies have demonstrated a tight correla-
tion between development and progression of most
of the chronic complications of diabetes and strict
glycemic control.”

Despite the seriousness of diabetes among older
individuals, as mentioned earlier, as many as half
of all seniors with diabetes do not know they have
the disease. Part of the reason is that the signs and
symptoms of diabetes in elderly individuals may
not be the same as found among younger people.
For example, intense thirst is not always present in
older people with undiagnosed diabetes.

In addition, rather than frequent urination,
which is a common symptom among nonelderly
patients with untreated diabetes, older people with
diabetes are more likely to experience urinary
incontinence. Rather than experiencing intense
hunger, older people with undiagnosed diabetes
are more likely to have a lack of appetite and to
experience weight loss. In addition, older people
with undiagnosed diabetes may also present with
psychiatric features such as mental confusion, that
are misconstrued by physicians and others.

When diabetes is diagnosed in older people, it
may also be treated differently by doctors than when
the illness is diagnosed in younger people.
Physicians may not insist on as tight a glycemic con-
trol because very tight glycemic control may be dif-
ficult or impossible to achieve in some older
individuals. Doctors may also not press patients to
lose weight unless they are truly obese. However, as
with all other patients, physicians usually urge older
patients with diabetes to get regular exercise, partic-
ularly recommending walking on a regular basis.

Older patients with Type 2 diabetes may be able
to control their illness with oral medications.
However, sometimes insulin and other drugs are
required to treat the disease as well, depending on
its severity. It is also possible for an older person to
be diagnosed with Type 1 diabetes (which always
requires insulin), although the disease presents in
the senior years only very rarely.

People with diabetes (or their caregivers) should
test their blood at least several times each day to
obtain information that lets them know whether to
increase or decrease their glucose levels. This is
important for elderly people who may develop
hypoglycemia (low blood sugar), which can itself be
dangerous, and could lead to falls and injuries. If

older individuals are unable to test their own blood,
a caregiver (a family member, a staff person at an
assisted living facility or nursing home, or another
person) should do the tests for the patient and act
upon the information that the test provides.

Osteoporosis and Seniors

Middle-aged and younger people may develop
OSTEOPOROSIS. However, it is the most dangerous
when present among elderly individuals because of
the increased risk for bone fractures. In addition,
the rate of hospitalization for vertebral fractures
caused by osteoporosis increases dramatically with
age. For example, among people between the ages
of 65-74 in the United States, 6.7 people per 1,000
are hospitalized because of an osteoporotic verte-
bral fracture. This rate nearly quadruples for people
age 75-84, to a rate of 26 people per 1,000. The
rate of hospitalization for vertebral fractures rises
still higher for people ages 85 and older, with a rate
of 39 people per 1,000.

Many people believe that only older women are
at risk for osteoporosis. However, older men are at
risk as well. In some studies, such as the Rotterdam
Study, bone loss in men ages 70-75 was actually
worse than the bone loss found among same-aged
women.

Some experts believe that bone loss is linked to
declining levels of growth hormone among elderly
individuals, but studies to date have not borne out
this hypothesis. Further studies are needed to
determine if administering growth hormone could
improve bone density levels in older individuals.
However, studies on providing another substance,
vitamin D, to elderly individuals who were defi-
cient in vitamin D have demonstrated that bone
density can improve with this supplementation. In
one study, femoral bone density increased 2-7 per-
cent over 18 months in elderly women given vita-
min D, while it declined 4-6 percent in the group
that received the placebo.

Osteoporosis is considered primary osteoporosis
if no illness or cause can be found for it. It is usual-
ly treated with medications such as alendronate
(Fosamax) to build up the bones. Other drugs that
are prescribed for osteoporosis are risedronate
(Actonel), raloxifene (Evista), and calcitonin
(Miacalcin).
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Osteoporosis is considered to be secondary if
other factors have caused this medical problem.
Many older people have secondary osteoporosis that
was originally caused by hypogonadism, THYROTOXI-
COsIS, and HYPERPARATHYROIDISM. Some medications,
such as GLUCOCORTICOIDS and anticonvulsants, can
also cause secondary osteoporosis. Some lifestyle
choices, such as alcohol abuse and smoking, can
induce secondary osteoporosis as well.

With secondary osteoporosis, a variety of treat-
ment recommendations can be made based on the
underlying cause of the osteoporosis. For example,
people who smoke should immediately stop smok-
ing. Endocrine diseases and disorders such as
hypogonadism, thyrotoxicosis, and hyperparathy-
roidism can and should be treated. If medications
are inducing secondary osteoporosis, physicians
may change the drug or lower the dose. For exam-
ple, if glucocorticoid drugs have caused secondary
osteoporosis, physicians may decide to prescribe
thiazide diuretics to correct this problem.

Thyroid Disease and the Elderly

Thyroid disease, particularly hypothyroidism, is
common among older people. However, as men-
tioned earlier, the signs and symptoms in older
people may be different from those of younger
people. In addition, elderly individuals may present
with signs and symptoms commonly associated
with other diseases of aging, such as mental confu-
sion and paranoia (often associated with
Alzheimer’s disease or dementia), muscle stiffness
(associated with arthritis), and heart irregularities.
Older people may also present with depression,
which may be masking the underlying problem of
hypothyroidism. (Depression may also coexist with
thyroid disease.)

Hypothyroidism in the elderly may also coexist
with hypertension and hyperlipidemia. In its most
severe manifestation, hypothyroidism presents as a
myxedema coma, a clinical syndrome with a rapid
onset that is potentially fatal to the patient. Almost
all individuals who lapse into myxedema are elder-
ly people with hypothyroidism.

Hyperthyroidism (excessive levels of thyroid
hormone) is also a problem for some elderly indi-
viduals. It too may present differently in older indi-
viduals than in younger people. For example,
mental decline may be one indicator of hyperthy-

roidism, which is not seen in middle-aged or
younger adults with hyperthyroidism. Weakness is
another sign of hyperthyroidism among the aged.
The older person with hyperthyroidism may
appear listless and depressed, unlike the younger
individual with the same disease, who is overac-
tive, nervous, and even manic.

Elderly women with hyperthyroidism have a
three times greater risk of having fractures than
women of the same age with normal TSH levels.
Even a history of having hyperthyroidism is associ-
ated with twice the risk of developing fractures.

In general, physicians should treat patients
based on their physiological age rather than their
chronological age. Some patients who are 70 years
old may have no illness, and may be physically fit,
at an ideal body weight, and able to tolerate most
medications and/or procedures. These patients are
what physicians refer to as 70 going on 50.

Obviously, the opposite is also true. A 40-year-
old patient may have diabetes mellitus with multi-
ple complications, such as diabetic nephropathy
and diabetic neuropathy, and may be unable to tol-
erate certain medications and/or procedures well.
This patient is considered by doctors to be age 40
going on age 70.

See also DIABETES MELLITUS; FRACTURES; TYPE 1
DIABETES.
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empty sella syndrome  The syndrome that occurs
when the sella turcica, the bony area of the skull
that provides the support for the pituitary gland, is
not completely filled with pituitary tissue. Empty
sella syndrome is divided into primary and second-
ary types.

With primary empty sella syndrome, it is
believed that there is a defect in the diaphragm by
the pituitary gland, allowing cerebrospinal fluid to
enter and to push the gland aside. No common
endocrine abnormalities are seen with primary
empty sella syndrome, and it is an X-ray abnor-
mality without significant hormonal sequelae.
However, almost all types of pituitary dystunction
have been reported, ranging from single hormone
deficiencies to the loss of all anterior pituitary hor-
monal function.

In the case of secondary empty sella syndrome,
the pituitary has been destroyed by surgery, a
tumor, an infiltrative process, or radiation therapy.
In this syndrome, partial or complete loss of pitu-
itary function often occurs.

See also POSTPARTUM PITUITARY NECROSIS.
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endocrine autoimmunity A condition in which
the body mistakenly interprets the actions of an
endocrine organ as those of an outside invader and
attacks the organ. Sometimes the cause for what
triggers an endocrine immunity is known, while
other times physicians as well as researchers
are unable to identify the cause. GRAVES' DISEASE
and HASHIMOTO’S THYROIDITIS are two examples
of autoimmune disorders of the thyroid gland.
DIABETES MELLITUS is also an autoimmune disorder.

Autoimmune disorders can be difficult to diagnose
and treat in their early stages.

Some studies have shown a linkage between an
environmental factor and an endocrine autoimmu-
nity. For example, a study reported in a 2000 issue
of Archives of Internal Medicine compared 132 same-
sex twins (264 individuals) and found a significant
relationship between smoking and the subsequent
development of either Graves’ disease or autoim-
mune thyroiditis (Hashimoto’s thyroiditis).

Brix, Thomas, M.D., Kyvik, K. O. and Hegedus, L.,
“Cigarette Smoking and Risk of Clinically Overt
Thyroid Disease.” Archives of Internal Medicine 160, no. 5
(March 13, 2000): 661-666.

endocrine glands Ductless glands in the
endocrine system that secrete hormones needed for
normal functioning as well as for the sustaining of
life. These glands work via hormones that are typi-
cally secreted into the bloodstream and travel to
other organs to have their effects. If the hormones
act upon nearby cells, even upon other cells within
the same gland, they display the paracrine effect.

The endocrine glands are the following: the
adrenal glands, hypothalamus, ovaries, pancreas,
parathyroid glands, pineal gland, pituitary gland,
testes, thyroid gland, and the thymus. As
researchers learn more and more about the human
body, all organs in the body can clearly act as
endocrine glands, which is to say, they secrete hor-
mones. For instance, the gastrointestinal tract is
now known to synthesize and secrete over 40 hor-
mones, many of whose function and operation are
still unknown. The heart makes a hormone called
atrial natriuretic factor or peptide that is involved
in the body’s salt and water balance.

endocrinologist A medical doctor with special-
ized training who concentrates on treating people
with endocrine diseases and disorders such as
DIABETES MELLITUS, thyroid diseases, and the full
array of other common or rare endocrine prob-
lems. A pediatric endocrinologist generally treats
patients under the age of 18 years who have
endocrine diseases or disorders.

Endocrinologists who treat adults typically com-
plete a three-year post-medical school internship
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and a residency in internal medicine before train-
ing for an additional two to three years in an
endocrinology-metabolism-diabetes fellowship
program. Pediatric endocrinologists follow a similar
course of education and training, but they have a
three-year internship and residency in pediatrics.
Many endocrinologists who treat adults see some
children with endocrine disorders, just as many
pediatric endocrinologists will follow their patients
into adulthood and past the age of 18 years.

Physicians who complete endocrinology training
may sit for board certification for endocrinology/
metabolism/diabetes if they have previously passed
their internal medicine board examination. This is
typically a two-day long examination that tests the
physician in all areas of endocrinology and is admin-
istered by the American Board of Internal Medicine
and its subsidiary boards.

There is great concern that the current number
of endocrinologists practicing in the United States
is insufficient. In fact, as of this writing, only about
275 physicians are in fellowship training for
endocrinology. These new doctors can barely
replace the numbers of endocrinologists who are
retiring or leaving their practices for other reasons.
At the same time, the United States faces a pan-
demic of diabetes as well as a rapidly aging popula-
tion that is more susceptible to endocrine disorders
such as thyroid disease and osteoporosis. How this
situation can be successfully resolved over the
short term is unclear.

The two main clinical and research societies that
support the endocrinology community are the
American Association of Clinical Endocrinologists
and the Endocrine Society.

epinephrine  See ADRENALINE.

erectile dysfunction (ED) The consistent difficul-
ty in achieving or retaining an erection sufficient to
achieve a completed act of sexual intercourse.
Erectile dysfunction is best viewed as a couple’s
problem. The patient’s partner often prompts the
patient to seek medical attention.

According to a 2002 article on erectile dysfunc-
tion in Urology, 10-20 million men in the United
States have ED. In addition, the Massachusetts Male

Aging Study found that more than half (52 percent)
of men over age 40 had some level of erectile fail-
ure. Erectile dysfunction affects a man’s quality of
life, and many studies have shown that effective
treatment of ED significantly improves life quality.

Erectile dysfunction is a distressing problem for
most men. Some experts believe that the psycho-
logical impact of having erectile dysfunction is
more severe than whatever medical problem has
actually led to the ED. Even when the erectile
problem is solely caused by a medical problem, it
still has an emotional effect on the man.

According to Dr. Andre Guay and his colleagues
in their article on medical guidelines for treating
male sexual dysfunction, published in 2003 in
Endocrine Practice, “Every man who has some prob-
lem with erectile function develops performance
anxiety, and determining whether psychological
factors are the main problem or merely a minor
accompaniment may be difficult.”

Causes of ED

There are many causes of erectile dysfunction,
including medications, an excessive temporary or
chronic consumption of alcohol, or diseases such as
DIABETES MELLITUS, hypertension, stroke, prostate
surgery, Parkinson’s disease, hyperlipidemia, spinal
cord disease and/or surgery, coronary artery dis-
ease, and seizure disorders. Smoking cigarettes may
also impede a man’s ability to have an erection.

Some medications can cause or contribute to the
development of erectile dysfunction, such as drugs
for hypertension, antidepressants, and many oth-
ers. Even nonprescription medications, such as
decongestants or antihistamines, may impede an
erection. According to the 2003 update on male
sexual dysfunction, published in Endocrine Practice,
prescription and nonprescription medications
cause about 25 percent of erectile problems men
experience in the United States.

Men taking hormone therapy for advanced
prostate cancer may experience erectile dysfunc-
tion until they no longer take the drug, at which
time normal sexual functioning will often resume
(if they did not have ED before they started taking
the hormones). Often the hormones are used after
a surgical procedure.
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A PROLACTINOMA, or benign tumor of the pituitary
gland, may also cause erectile dysfunction, as may
rare medical problems such as KALLMANN’S SYN-
DROME or KLINEFELTER SYNDROME. Hypogonadism
(low testosterone levels) can cause ED but usually
causes only decreased libido and mild ED. However,
some men have very low levels of testosterone and
have no problems with erectile dysfunction at all.

When diabetes is the cause of ED (whether it is
Type 1 or Type 2 diabetes), the problem is often due
to nerve damage caused by diabetic neuropathy as
well as premature atherosclerosis, which is more
common among men whose levels of glucose are
not well-controlled.

Men who have undergone a transurethral resec-
tion of the prostate due to benign prostatic hyper-
plasia (BPH) may also experience erectile
dysfunction. This occurs because of nerve damage
that occurred during the procedure.

There is often an emotional component to erec-
tile dysfunction, and problems such as depression
can lead to ED. Even when the underlying cause
for the ED is physical, the man may develop prob-
lems with performance anxiety. The combined
emotional and physical aspects then make it more
difficult for him to attain or maintain an erection.

Diagnosis and Treatment

Primary care doctors typically diagnose and treat
erectile dysfunction but may refer the patient to an
endocrinologist or urologist. Men with erectile dys-
function are aware that they are having trouble
with achieving an erection, and they may seek help
from their doctor. However, many men are too
embarrassed to discuss this problem with their doc-
tors, not realizing how common this problem is or
that it is often reversible with treatment.

The doctor will take a complete medical history
to try to ascertain if there may be medical causes of
the erectile dysfunction. Some doctors prefer to
speak with both the man with erectile dysfunction
and his sexual partner to obtain a view of the prob-
lem from the perspective of both parties.

During the physical examination, the physician
will also examine the man’s penis to determine if
there are any obvious abnormalities (most com-
monly, Peyronie’s disease). The doctor will also

check for obvious signs of testosterone effect
(beard, pubic and underarm hair, scalp hair reces-
sion, and normal muscle mass) as well as check the
testicular size and shape. Most men are embar-
rassed by such an examination, but they should be
reassured that urologists commonly perform many
such examinations in a single day.

A rectal examination will also be performed to
determine if there is a possible problem with the
prostate gland. Problems may include prostatitis,
which is an inflammation of the prostate gland that
may be caused by an infection, or benign prostatic
hyperplasia (BPH), a tissue overgrowth. Both con-
ditions are often treated with prescribed medica-
tions. Doctors will also check for indications of
prostate cancer with the digital rectal examination
and may also order a prostate specific antigen
(PSA) blood test.

The PSA test may be ordered routinely because
the man is over age 50 and/or he is at risk for
prostate cancer or has family members who have
had prostate cancer. It may also be ordered if the
physician notes the presence of any nodules or
excessive tissue growth of the prostate gland. If there
is a possibility of cancer, a biopsy will be performed.

The physician may also order laboratory tests,
such as a complete blood count, tests of the man’s
testosterone level, and a urinalysis to check for
infection or blood in the urine. If blood testos-
terone levels are low, the physician may order tests
of prolactin, luteinizing hormone, and serum-free
testosterone to provide further information. For
example, high levels of prolactin indicate a pro-
lactinoma, or pituitary tumor. The doctor may also
order tests of glucose level, serum creatinine, cho-
lesterol, and triglycerides. An ultrasound may be
ordered as well as other specialized tests, depend-
ing on the patient and the doctor.

If any medical problems are identified in the
physical examination or by laboratory testing,
treating these problems may resolve the erectile
dysfunction. For example, low testosterone levels
(HYPOGONADISM) may be treated with topical or
injected testosterone to normalize the testosterone
levels. Better glycemic control may improve erec-
tile function in patients with diabetes. Changing
the medications that the patient takes for hyper-
tension may also help to resolve the ED.
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Viagra and Other Medications

If a man is diagnosed with erectile dysfunction that
is not resolved by treating underlying medical
problems, there are many different ways for most
men to achieve potency again.

As of this writing, three phosphohodiesterase
inhibitors are available on the market to treat erec-
tile dysfunction. They include Viagra (sildenafil),
Levitra (vardenafil), and Cialis (tadalafil). All three
drugs work via the same mechanism. They inhibit
phosphodiesterase (PDE5), and, by doing so,
enable an erection. These drugs affect only blood
flow and have no direct effect on sexual drive.
These medications work within 30-60 minutes and
last for four to 12 hours. The drugs cause
headaches and flushing in 10-15 percent of the
men who use them and also cause nasal congestion
in 4-5 percent of men.

None of these drugs should be used if the man is
on any medication that contains nitrates (topical,
sublingual, or oral). If a man develops chest pains
after using one of these drugs and needs medical
attention, the treating emergency medical techni-
cians and physicians must be advised that the man
used the medication so that they can order med-
ications other than nitrates for the first 24-36
hours of treatment.

When phosphodiesterase inhibitors are ineffec-
tive in helping the man to achieve erections, some
doctors may prescribe injectable drugs, such as
Caverject (alprostadil), Genabid (papaverine), or a
combination of three drugs mixed up by the urol-
ogist, commonly referred to as trimix. These drugs
are injected directly by the man into his penis,
which is said to feel like a brief pinch. Urologists
teach men how to perform these simple injections.
The drug must be injected about 15 minutes
before the man anticipates having sex. The erec-
tion induced by an injectable drug lasts about
an hour.

Another form of alprostadil is available in a pel-
let called MUSE (Medicated Urethral System for
Erection), a drug that is manually inserted into the
urethra of the penis and that causes no pain. It is
self-dissolving. If the pellet works, the erection will
occur within five to 10 minutes of the injection and
will last about an hour.

Mechanical Devices

To achieve an erection, some men rely upon
mechanical devices such as the vacuum constric-
tion device. It is placed over the penis and pumped
up. If the device helps the man achieve an erection,
a rubber band-like device is placed around the base
of the penis and will help the man to maintain the
erection for about 30 minutes. Many men find vac-
uum devices to be effective, although some com-
plain that it causes their penis to feel cold and
strange. Others say that the constriction band hurts
them. The man must remove the band after inter-
course in order to avoid damage to the penis, up to
and including gangrene.

Penile Implants

If other methods for resolving ED are unsatisfacto-
ry, some men consider a penile prosthesis that is
surgically inserted while the man is under anesthe-
sia. Several different varieties of prostheses are cur-
rently available as of this writing, and they vary
considerably in their complexity.

With the semirigid or malleable prosthesis, the
man will manually change the angle of his penis,
depending on whether he wants to have sex or not.
When in the down position, the prosthesis is not
noticeable unless the man wears very tight-fitting
clothes. When he wants to have sex, he simply
moves the penis to the up position. According to
urologist Paul H. Lange in his chapter on erectile
dysfunction in his book Prostate Cancer for Dummies,
this device is the easiest to use and the most popular
type of penile implant among many post—prostate
cancer patients.

Another surgically inserted prosthesis uses an
inflatable pump that is connected to a cylinder that
fits into the penis. The patient presses on his penis
to cause the pump to inflate and to achieve an
erection. Yet another prosthesis is the three-piece
prosthesis, which includes inflatable cylinders and
a fluid reservoir. It is activated by the man pressing
on an area near his scrotum. This type of implant is
the most costly, and it is also considered to be the
most effective device.

Penile prostheses can be very expensive (as of
this writing, the surgical procedure costs at least
$10,000), and they are not always covered by
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health insurance. In addition, they may last for
only five to 10 years, depending on the manufac-
turer, the type of prosthesis that is implanted, and
other factors. If the prosthesis breaks down, a new
one can usually be inserted. The area where the
prosthesis was inserted can become infected, which
usually requires the removal of the entire prosthe-
sis. After healing occurs, a new prosthesis can then
be inserted.

The key advantage of the penile prosthesis is
that it can often enable the patient to have a nor-
mal sex life without the need for taking any drugs
such as Viagra. The key disadvantage is that once
the penile prosthesis has been inserted, the other,
noninvasive methods available to resolve impo-
tence will no longer work.

See also INFERTILITY; MALE REPRODUCTION; TESTOS-
TERONE.
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estradiol The most important form of estrogen
released by the body. Estradiol is responsible for
female breast development, the growth of the
uterus, the placement of body fat, and other func-
tions. Estradiol is secreted from the adrenal cortex,
ovarian follicle, and, in a pregnant woman, the pla-
centa. Both males and females synthesize estradiol,
which can be measured in the blood.

According to the National Institutes of Health,
normal estradiol levels are as follows:

e For premenopausal women: 20—400 picograms
per milliliter (pg/ml); the measurement varies
according to the time of the menstrual cycle

¢ For postmenopausal women: 5-25 pg/ml
e For males: 10-60 pg/ml

Some diseases impair the release of estradiol,
such as premature ovarian failure and TURNER SYN-
DROME. Rarely, above-normal levels of estradiol
may be detected with an ovarian tumor. Estradiol
levels are also important in fertility, and physicians
measure these levels when evaluating infertile
individuals.

Estradiol is also available as a medication in oral
tablets, skin patches, topical creams, and an
injectable form. It is used to treat women with estro-
gen deficiency from a variety of causes. Generally,
estradiol is given for the following reasons:

e To reduce menopausal symptoms such as HOT
FLASHES

e As replacement therapy in women who are
prematurely hypogonadal

e To prevent OSTEOPOROSIS
e To treat vaginal dryness caused by menopause
e To treat some prostate cancers (rare)

¢ To create female characteristics in biological
males prior to and after sexual reassignment
surgery.

Risks of Exogenous Estradiol

In addition to its usual physiological effects, estra-
diol and other forms of estrogen can lead to a pro-
thrombotic state, making the patient more
susceptible to blood clots. Such clots may occur in
the legs or pelvis and can lead to a pulmonary
embolism in the heart, in turn leading to a myocar-
dial infarction (heart attack) or an embolism in the
brain, leading to a stroke. Breast cancers that are
present in women but that are not yet clinically
detectable may have their growth stimulated by
the use of exogenous estradiol and other estrogens.

These major adverse effects of estrogens, espe-
cially after the report of the Women’s Health
Initiative, have led to more limited use of estradiol
and other estrogens for hormone replacement.
These risks are accentuated among smokers.
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Estradiol can also increase blood pressure as it
stimulates the production of angiotensinogen from
the liver, thus leading to increased levels of
angiotensin (a very potent constrictor of blood ves-
sels). Estradiol also increases the risk of the devel-
opment of gallstones and can increase the
frequency of headaches, especially in women who
are predisposed to migraine headaches. There are
some nuisance side effects to estradiol, such as
breast tenderness and fluid retention.

Estradiol should not be used in an attempt to
decrease macrovascular complications (such as
heart attack and stroke) as they may actually
increase the risk slightly, especially in the first sev-
eral years. Estradiol should also not be used in
women with a prior history of breast cancer and
should be used only with caution in women at high
risk of developing breast cancer.

See also ESTROGEN.

estrogen Female hormones, released by the
ovaries, that are responsible for female secondary
sexual characteristics, hair growth, and other fea-
tures. Like TESTOSTERONE, estrogens are steroid
hormones.

When estrogen levels decline, with advancing
age and the onset of MENOPAUSE, some women
experience signs and symptoms such as HOT FLASH-
ES (vasomotor symptoms), insomnia, mood swings,
and irritability. These women may consult with
their physicians about the advisability of taking
ESTROGEN REPLACEMENT THERAPY (estrogen alone) or
HORMONE REPLACEMENT THERAPY (a combination of
estrogen and progesterone). Some women experi-
ence an early menopause because their ovaries fail
or because they have had the ovaries surgically
removed because of a disease such as ovarian cysts
or ovarian cancer.

See also ESTRADIOL; FEMALE REPRODUCTION.

Gruber, Christian J., M.D., et al. “Production and Actions
of Estrogens.” New England Journal of Medicine 346, no.
5 (January 31, 2002): 340-352.

estrogen replacement therapy (ERT) Synthetic
or natural estrogen hormones given to a woman

who is menopausal either due to the natural onset
of MENOPAUSE (usually after the age of 45 years or
so) or because of the removal of both of her
ovaries. Each woman must decide for herself
whether to take estrogen, or another type of
female hormone replacement medication, after
consulting with her physician and considering both
the risks and benefits of the medications.

Some studies have indicated that women who
take LEVOTHYROXINE (l-thyroxine) for their
HYPOTHYROIDISM may need to increase their
dosage if they also take estrogen replacement
therapy.

See also ESTRADIOL;
REPLACEMENT THERAPY.

ESTROGEN; HORMONE

Arafah, Baha M., M.D. “Increased Need for Thyroxine in
Women with Hypothyroidism During Estrogen
Therapy.” New England Journal of Medicine 344, no. 23
(June 7, 2001): 1,743-1,749.

euthyroid Refers to the physiological state in
individuals whose thyroid hormone levels are
in balance. In other words, these individuals are
neither hyperthyroid (with excessive levels of
circulating thyroid hormone) or hypothyroid
(with inadequate levels of thyroid hormone).
Some individuals have normal levels of thyroid in
their blood and yet are ill with thyroid disease, a
condition known as EUTHYROID SICK SYNDROME.

euthyroid sick syndrome A condition in which
THYROID BLOOD TESTS reveal abnormal results, such
as low levels of T3 (trilodothyronine) or T4 (THY-
ROXINE) and typically, but not always, normal levels
of thyroid-stimulating hormone (TSH) while the
thyroid gland is actually functioning appropriately.

The individual with euthyroid sick syndrome
generally has another serious underlying illness
such as CANCER, AIDS, ANOREXIA NERVOSA, DIABETIC
KETOACIDOSIS, or malnutrition. Some medications,
such as corticosteroids, lithium, amiodarone, and
propranolol, may affect thyroid blood levels in the
absence of thyroid disease. Some patients may
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be recovering from surgery or from a transplant
procedure.

Euthyroid sick syndrome is common among eld-
erly individuals who are hospitalized with a severe
illness.

The treatment for euthyroid sick syndrome is
oriented to the underlying disease, and thyroid
blood tests may be repeated at a later date. Thyroid
hormone treatment is generally not begun unless
the patient exhibits apparent symptoms of
hypothyroidism. In fact, use of thyroid hormone
replacement therapy has increased mortality
(death) in several clinical trials where it has been
administered to gravely ill patients who had abnor-
mal results on their thyroid function tests.

See also GRAVES’ DISEASE; HYPERTHYROIDISM.
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exercise Regular physical activity to maintain or
achieve good health. Nearly all physicians consider
regular exercise to be an important part of main-
taining good health. Even individuals who are dis-
abled and weak can usually master some simple
exercises. Exercise is important to help individuals
avoid obesity or to resolve obesity if it is already a
problem. Simply walking several times a week may
be sufficient to improve the health of many
patients with OBESITY and other endocrine diseases
and disorders.

In the Diabetes Prevention Program, the study
group that walked briskly approximately 150 min-
utes per week decreased their risk of progressing
from IMPAIRED GLUCOSE TOLERANCE (PREDIABETES) to
overt DIABETES MELLITUS by 31 percent.

Exercise decreases INSULIN RESISTANCE and
improves the glucose levels in patients who have
diabetes mellitus. For patients with HYPERLIPIDEMIA,
exercise will decrease their triglyceride levels and
also increase their high-density lipoprotein (HDL or
good CHOLESTEROL) levels.

Losing a significant amount of weight with exer-
cise alone is difficult. However, exercising helps to
decrease the overall body fat, including both vis-
ceral fat and abdominal obesity.

Tuomilehto, Jaako, M.D., et al. “Prevention of Type 2
Diabetes Mellitus by Changes in Lifestyle Among
Subjects with Impaired Glucose Tolerance.” New
England Journal of Medicine 344, no. 18 (May 3, 2001):
1,343-1,350.

eye problems Disorders of the eye. Some
endocrine diseases and disorders cause or con-
tribute to the development of eye diseases. For
example, long-term TYPE 1 DIABETES may lead to
DIABETIC RETINOPATHY or other eye diseases, up to
and including blindness. As many as 24,000 people
lose their eyesight in the United States because of
diabetic eye disease. Yet experts report that as
much as 90 percent of these cases of blindness
could have been prevented by regular screening for
eye disease. Only about 60 percent of patients with
diabetes have an annual dilated eye examination.

Other diseases may cause eye problems. For
example, a key feature of GRAVES’ DISEASE is
bulging of the eyes, or exophthalmos. Not all
patients with Graves’ disease have this feature of
the illness, but many have mild signs or symptoms
and do exhibit it.

Patients with DIABETES MELLITUS and/or a history
of thyroid disease are more likely to suffer from dry
eye syndrome (keratoconjunctivitis sicca), as are
women in MENOPAUSE. The illness can cause severe
pain and should be treated by an ophthalmologist
(medical doctor who specializes in eye disease). The
ophthalmologist may treat dry eye syndrome with
specialized eyedrops and environmental recommen-
dations (such as advising patients to avoid having
heating or air-conditioning vents near their faces
and limiting caffeine consumption). Sometimes
surgical procedures are also needed. This condition
should not be ignored because it can lead to worsened
symptoms and even blindness.

For further information on eye diseases, contact
the following organization:
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American Academy of Ophthalmology
P.O. Box 7424

San Francisco, CA 94120-7424

(415) 561-8500

http://www.aao.org
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failure to thrive (FTT) A phrase used to describe
the condition of infants or small children up to the
age of two years who are not eating adequately and
who show markedly poor growth. Such children
will rank lower than the fifth percentile for weight
at two or more checkups, or show no growth at all
while evincing an overall development that is
much slower than expected of other children of the
same age.

Some children with failure to thrive not only do
not grow but may actually lose weight. Untreated
FTT may lead to further health problems such as
developmental delays.

An estimated 1-5 percent of children younger
than age two who are admitted to hospitals are
diagnosed with failure to thrive. Children living in
orphanages may also experience FTT, especially
when they receive the bare minimum of care (such
as brief washing, feeding, and changing) and when
the caregivers constantly change.

Organic and Nonorganic Failure to
Thrive Problems

There are two primary categories of failure to thrive,
organic and nonorganic FTT. Organic failure to thrive
is caused by a severe chronic medical problem, such
as cystic fibrosis, untreated HYPOTHYROIDISM, infection
with the human immunodeficiency virus (HIV), or
heart disease. Nonorganic failure to thrive is caused
by a severe, externally induced factor, such as starva-
tion, maternal drug addiction, or other causes.
Extreme cases of abuse and neglect may cause failure
to thrive in some children.

Risk Factors
Mothers who are malnourished and/or who are
drug abusers are more likely to have children diag-
nosed with FTT. Poor children are more likely to
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be diagnosed with FTT than children of other
socioeconomic classes.

Symptoms of Failure to Thrive

Infants with FTT generally present with listlessness
and apathy and have poor muscular development.
Certain behaviors are typical among babies with
FTT. For example, according to The Encyclopedia of
Child Abuse, “Infants suffering from the sensory
deprivation associated with FTT often maintain a
posture in which the arms are held out, flexed at
the elbow with the hands up and legs drawn in.
This position of apparent surrender is held for long
periods of time.”

Diagnosis and Treatment
FTT is diagnosed based on its clinical presentation
as well as a comparison of the child’s weight and
height with the weight and height expected for a
child of the same age. Past weights of the child, if
known, are also used for a comparison basis.

Physicians also use laboratory tests to screen for
infections and metabolic diseases, such as hypothy-
roidism, that may cause the patient to become
lethargic.

If the underlying cause of FTT is organic, the ill-
ness is treated. If it is nonorganic, physicians seek
to identify and rectify the problem. For example, if
abuse or neglect is suspected, the child may need to
be removed from the family.

See also CACHEXIA; INFANTS.
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familial combined hyperlipidemia An inherited
form (autosomal dominant inheritance) of hyper-
lipidemia with elevated levels of serum CHOLES-
TEROL and/or triglycerides. Familial combined
hyperlipidemia has a variable clinical presentation.
One person with the condition may have normal
lipid levels, while the next may have elevated cho-
lesterol levels and normal triglycerides, and a third
person may have elevated levels of both.

Familial combined hyperlipidemia is linked to
an increased risk for cardiovascular disease and for
heart attacks if it is not controlled. This condition is
also exacerbated by the presence of other illnesses,
such as HYPOTHYROIDISM, DIABETES MELLITUS, Or
alcoholism. In addition, alcoholism may also wors-
en the condition. Both men and women are at risk
for familial combined hyperlipidemia. Patients may
develop this condition in adolescence, and treat-
ment should not be delayed.

The gene or genes that cause this condition are
unknown as of this writing, but researchers have
found familial patterns of occurrence. In the
Frederickson classification, this disorder is labeled
hyperlipidemia type IIb.

Signs and Symptoms

Patients who are obese and who have had attacks
of angina (chest pain) at a young age are suspects
and should be screened for familial combined
hyperlipidemia. In addition, a family medical histo-
ry of early heart attacks or HYPERLIPIDEMIA is anoth-
er indicator of the possible presence of this
condition. Typically, there are no cutaneous mani-
festations.

Diagnosis and Treatment

Patients are diagnosed based on their blood test
results as well as a complete medical history.
Patients with familial combined hyperlipidemia
may have high levels of serum low-density lipopro-
teins (LDLs) or very low-density lipoproteins
(VLDLs), a predominant component of triglyc-
erides. Thus these patients may have elevated lev-
els of total cholesterol and/or elevated triglycerides.
They may also have increased apolipoprotein B100
concentrations.

Treatment is aimed at decreasing the levels of
cholesterol and triglycerides. Patients are often

advised to limit their fat consumption to less than
30 percent of their caloric intake and limit their
cholesterol intake to less than 300 mg per day. This
generally means that they will eat less beef, chick-
en, pork, and lamb. Weight loss will also decrease
triglyceride levels a bit more than cholesterol lev-
els. Weight loss will typically decrease the total
cholesterol levels by 5-20 percent, but typical
decreases are 10 percent.

Ingestion of plant stanol esters, now available as
spreads, will lower the total cholesterol by 12-17
percent. Alcohol intake should be minimized or
prohibited. Exercise is helpful, especially in
decreasing VLDL and thus triglyceride levels.

When therapeutic life changes fail to lower the
patient’s levels to the goal (as often happens, even
with the most motivated of patients), pharmaco-
logical therapy is generally initiated.

When the triglycerides are less than the desired
levels, a statin drug such as simvastatin (Zocor) or
pravastatin (Pravachol) is prescribed. If the LDL is
not controlled after titration, a second drug, such as
nicotininc acid (Niaspan) or ezetimibe (Zetia), is
added. This additional drug will provide an 18-26
percent reduction in LDL and a 3-5 percent
increase in high-density lipoproteins (HDL).

If the triglycerides are not at goal after beginning
the statin drug, nicotinic acid or a fibric acid deriv-
ative such as gemfibrozil (Lopid) or fenofibrate
(Tricor) is added. Nicotinic acid can decrease the
LDL (by 5-20 percent) and the triglycerides (20-50
percent reduction), and it can also increase the
HDL by 10-20 percent. The physician and patient
must be vigilant for adverse effects, especially
myositis and rhabdomyolysis, when these agents
(statins and nicotinic acid) are combined. This is
especially true among patients with kidney disease
or decreased muscle mass and among patients who
are elderly.

Bile acid sequestrants such as cholestyramine
(Questran) and colestipol (Colestid) are used occa-
sionally. However, they have weak effects on LDL
unless used at high doses and may increase triglyc-
eride levels.

Treatment is usually for the remainder of the
patient’s life.

See also ATHEROSCLEROSIS/ARTERIOSCLEROSIS.
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familial dysbetalipoproteinemia A condition
also known as type II hyperlipoproteinemia that
causes ATHEROSCLEROSIS in the coronary arteries
and can lead to coronary artery disease and periph-
eral vascular disease. It is exacerbated by diabetes,
OBESITY, and HYPOTHYROIDISM. These other clinical
problems often need to be present to increase the
production of the lipoproteins and to lead to the
full clinical scenario of familial dysbetalipopro-
teinemia. This condition occurs in an estimated one
in 10,000 individuals and usually does not present
until a patient is 20 years old or older. If it is
untreated, familial dysbetalipoproteinemia can lead
to heart attack, strokes, and blocked arteries to the
lower extremities and to the brain (peripheral vas-
cular disease).

Familial dysbetalipoproteinemia, which is inher-
ited as an autosomal dominant defect, is caused by a
genetic defect that causes accumulations of rem-
nants of very low-density lipoprotein (VLDL) and
chylomicrons with triglyceride and cholesterol con-
centrations greater than the 90th percentile. Patients
have two apo E2 lipoprotein genes that are present.
They have lipoproteins that are not appropriately
removed from the circulation, as they are abnormal.

Signs and Symptoms

Patients with familial dysbetalipoproteinemia may
have fatty skin deposits called XANTHOMAS.
Specifically, they may have a tuberoeruptive xan-
thomata and palmar xanthoma known as xan-
thomata palmare striatrum, which are fatty
deposits in the creases of the palms.

Diagnosis and Treatment
A physical examination will reveal the presence of
xanthomas. Laboratory tests will show elevated
levels of serum total cholesterol and low-density
lipoproteins (LDLs) as well as triglycerides.

Angiograms will show atherosclerosis.
Patients with concomitant DIABETES MELLITUS
and/or hypothyroidism should be aggressively

treated to achieve levels as close to normal as possi-
ble. Patients are directed to change their diet and
reduce the amount of ingested saturated fats and
cholesterol. If dietary changes do not cause choles-
terol and triglyceride blood levels to drop, physicians
may prescribe cholesterol-lowering medications
such as HMG CoA reductase inhibitors (statins),
nicotinic acid, fibrates, ezetimibe, or some combina-
tion of several drugs.

familial hypercholesterolemia (FH) An inherited
predisposition to high levels of blood cholesterol,
tirst described by C. Muller in 1939. The heterozy-
gous form of familial hypercholesterolemia is com-
mon, and it affects an estimated one in 500
individuals. According to an article on cardiovascu-
lar disease in a 2003 issue of the New England
Journal of Medicine, over 600 mutations in the low-
density lipoprotein (LDL) receptor gene have been
linked to this disorder. In contrast, the severe
homozygous form of familial hypercholesterolemia
affects only one per 1 million individuals. Most of
these individuals die in childhood from a heart
attack (myocardial infarction).

Individuals with heterozygous FH have an
increased risk for heart attacks at an early age (by
age 20) because of their severe ATHEROSCLEROSIS
(clogged arteries). Men with this condition are
more likely to have early heart attacks than
women with familial hypercholesterolemia.
According to Dr. Evan Stein and his colleagues in
an article on hypercholesterolemia in a 1999 issue
of the Journal of the American Medical Association,
among males with untreated FH, 5 percent have
clinically overt coronary artery disease by age 30.
The risk increases to 20 percent by age 40 and more
than doubles to 50 percent by age 50.

In most cases, changing the diet has only a min-
imal effect on people with FH. These individuals
must also take cholesterol-lowering medications to
control the condition.

Men and women are both at risk for FH.
Children and adolescents can also present with this
medical problem. Stein and his colleagues studied
adolescent boys ages 10-17 years with FH at 14
pediatric outpatient clinics in the United States and
Finland. In one group, there were 63 intervention
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subjects (patients who took lovastatin to lower their
cholesterol levels) and 59 who took the placebo. In
another group, there were 61 intervention subjects
and 49 who took the placebo drug. The researchers
found that lovastatin was effective at lowering cho-
lesterol and did not impair growth and develop-
ment among the boys who took the medication.

The researchers also looked at the family histo-
ry of their study subjects. They found that the
mother passed on the FH in 56 percent of the cases
and the father in 44 percent. They also found that,
among the parents, the average age of onset of
coronary artery disease was 37. Eight of the sub-
jects had fathers who had died of CAD, and their
average age of death was 39 years.

Signs and Symptoms

The presence of XANTHOMAS (lipoprotein deposits
under the skin) is one sign of hypercholes-
terolemia, as are cholesterol deposits that are found
in the eyelid area (xanthelasmas). However, many
patients with xanthelasmas also have normal cho-
lesterol levels.

Diagnosis and Treatment

Diagnosis is made by taking a careful medical histo-
ry, including any early-age heart attacks in close
family members, such as among parents or siblings.
Laboratory testing will show that patients with
familial hypercholesterolemia have elevated levels
of total cholesterol that are greater than 300 mg/dl
in adults and greater than 250 mg/dl in children.
They also have elevated levels of low-density
lipoproteins (LDLs), typically greater than 200
mg/dl. In addition, the patients have normal or
mildly increased triglyceride levels. In addition, pro-
tein electrophoresis may be abnormal, as may the
results of heart function studies, such as stress tests.

Although changing the diet alone will probably
not resolve FH, it can help improve the situation.
As a result, patients with FH are urged to decrease
their consumption of fat to less than 30 percent
(less than 10 percent as saturated fat) of all the
calories consumed. Patients are also encouraged to
exercise, which will help them lose weight and by
doing so, lower their cholesterol levels.

Diet and exercise will not bring the hypercho-
lesterolemia under control, and these patients will

require several medications. Typically, patients are
treated with high doses of statin medications as
well as with bile acid sequestrants or cholesterol
absorption inhibitors.

See also CHOLESTEROL; FAMILIAL COMBINED HYPER-
LIPIDEMIA; FAMILIAL DYSBETALIPOPROTEINEMIA; FAMIL-
TAL HYPERTRIGLYCERIDEMIA.
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with Heterozygous

familial hypertriglyceridemia An inherited auto-
somal dominant disorder that causes moderately
high levels of very low-density lipoprotein (VLDL)
in the blood and occurs in an estimated one in 300
individuals in the United States. Familial hyper-
triglyceridemia is also known as type IV hyper-
lipoproteinemia in the Frederickson classification.
This elevation of VLDLs causes an increased risk
for patients to develop PANCREATITIS, heart disease,
and OBESITY. It is also associated with hypertension,
hyperuricemia, HYPERGLYCEMIA, and INSULIN RESIST-
ANCE. The condition may be worsened by HYPOTHY-
ROIDISM, DIABETES MELLITUS, and the use of estrogen
therapy in an affected postmenopausal female.
Familial hypertriglyceridemia does not usually
become apparent until after puberty or young
adulthood. Patients are at risk for this dyslipidemic
syndrome if either parent was diagnosed with
hypertriglyceridemia or if there is a history of pre-
mature heart disease (clinical heart disease occur-
ring before age 50). The condition is caused by a
mutation in the lipoprotein lipase enzyme.

Diagnosis and Treatment
Hypertriglyceridemia is easily diagnosed by obtain-
ing a fasting lipid profile from the patient. This
should include total cholesterol, high-density
lipoprotein, and triglycerides levels.



feedback loops 93

Patients typically have elevated triglyceride lev-
els in the 200-500 mg/dl range with lower-than-
normal high-density lipoproteins (a condition
called hypoalphalipoproteinemia). They also have
normal or modestly elevated total cholesterol or
LDL cholesterol. Typically, LDL levels cannot be
measured accurately as is done with most standard
lipid profiles but, instead, must be measured direct-
ly with radioimmunoassay.

The first therapy is good medical nutrition ther-
apy, with attention to lowering the carbohydrate
content in meals. Alcohol is removed from the diet.
Exercise will help tremendously as well. The intent
of the nutrition and exercise is to have patients get
their weight as close to ideal as possible. However,
often diet and exercise are inadequate and phar-
macological therapy is employed as well.

The first-line medication therapy is usually a fib-
ric acid derivative, such as gemfibrozil (Lopid) or
fenofibrate (Tricor) or a form of nicotinic acid, such
as an intermediate-release product like Niaspan. If
the patient’s triglyceride level is in the lower range
of 200-350, then HMG CoA reductase inhibitors
are often employed, such as simvastatin (Zocor),
pravastatin (Pravachol), atorvastatin (Lipitor),
lovastatin (Mesvacor), or fluvastatin (Lescol-XL).
Bile acid sequestrants are to be avoided in these
patients, because they may actually increase the
triglyceride levels.

In postmenopausal women, estrogen therapy may
need to be discontinued. Younger woman taking
ORAL CONTRACEPTIVES may need to discontinue them.

The aim of the doctor is for the patient to have
the condition corrected as much as possible.
Patients with diabetes need to attain a normal
hemoglobin Alc, and patients with hypothy-
roidism need to achieve normal thyroid-stimulat-
ing hormone (TSH) levels.

familial hypocalciuric hypercalcemia (FHH) A
hereditary (autosomal dominant) form of hyper-
calcemia in which the individual has high blood
levels of calcium, while at the same time, he or she
has low urinary calcium levels and normal levels of
parathyroid hormone in the blood. Parathyroid
hormone is produced by the parathyroid glands
and it regulates calcium levels in the bloodstream.

The basic cause of familial hypocalciuric hyper-
calcemia is an inactivating mutation in the calcium-
sensing receptor gene, which typically causes fewer
calcium receptors that are expressed on parathyroid
tissue and in the kidney. Thus, in the parathyroid
glands, which are the glands located behind the
thyroid, this defect causes the gland to be exposed
to higher-than-normal levels of calcium to the
appropriately suppressed parathyroid hormone
secretion. At the same time, in the kidney, exces-
sive calcium is absorbed.

Most people with familial hypocalciuric hypercal-
cemia have no signs or symptoms at all and do not
require any treatment. Doctors must carefully differ-
entiate these patients from those with true primary
hyperparathyroidism, as patients with familial
hypocalciuric hypercalcemia do not require surgery.
If the physician does not measure the urinary calci-
um levels, he or she could misdiagnose patients with
FHH, as patients may have high-normal or even
slightly elevated intact parathyroid hormone levels.

See also HYPERCALCEMIA; HYPERPARATHYROIDISM;
PARATHYROID CANCER.

feedback loops A complex process, key to the
tunctioning of endocrine glands, in which sensors
recognize changes to the individual or to the envi-
ronment and, as a result, cause higher or lower lev-
els of hormones to be secreted.

Feedback loops are analogous to a thermostat or
other device that seeks to maintain a certain home-
ostatic level. For example, say a thermostat in a
house is set at 70 degrees. When the inside temper-
ature falls below that temperature, the change caus-
es a sensor to order the heat to turn on. If a home
has both heat and air-conditioning, the thermostat
was set at 70 degrees, and the temperature rose to
71 degrees, the air-conditioning would come on.

Similarly, if the blood levels of hormones rise to
a given level, feedback loops will send a message to
the body to cut back on their production. If they
fall below a certain level, feedback loops enable an
increase in their production. For instance, cells with-
in the pancreas measure or sense the ambient glu-
cose concentration in the blood. Then the beta cells
of the pancreas secrete an appropriate amount of
insulin while the alpha cells secrete an appropriate
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amount of glucagons to maintain the glucose level at
the appropriate level for that person. With damage
to the beta cells, resulting in diabetes mellitus, this
loop is disrupted and the blood glucose level rises.

Feedback loops control the increase and decrease
of such HORMONES as T4 and T3 (thyroid hor-
mones), cortisol, estradiol, and others. The usual
hierarchy is as follows. If the cortisol levels dip to a
less-than-adequate level, the hypothalamus per-
ceives this drop. The production of corticotropin
releasing hormone (CRH) is then increased, which
in turn increases the synthesis of adrenocorticotrop-
ic hormone (ACTH) from the pituitary gland. This
action stimulates the adrenal gland to produce and
release more cortisol. The reverse process also
occurs. If the cortisol levels rise too high, this feed-
back travels back to the hypothalamus, which
decreases the production of CRH and so on.

When patients have hypothyroidism, there are
inadequate levels of T3 and T4 in the bloodstream.
These low levels of thyroid hormones are perceived
by the hypothalamus, which decreases the levels of
thyrotropin-releasing hormone (TRH). This, in
turn, causes a decrease in the level of thyroid-stim-
ulating hormone (TSH) that the pituitary gland
produces. Thus, damage to the hypothalamus or
the pituitary gland can dramatically upset these
normal feedback loops and lead to endocrine dis-
eases. This is also why physicians usually order the
laboratory levels of several hormones to be tested
at the same time. In a healthy person, hormonal
levels all exist in balance with each other.

female reproduction The process of creating a
pregnancy and, about nine months later, bearing a
live child. Reproduction can be impaired by a wide
variety of conditions affecting the endocrine glands
as well as other organs in the body. For example,
the ovaries must produce an egg for a pregnancy to
occur, and some woman do not ovulate regularly
or at all (ANOVULATION). Some women do not have
a uterus that can carry a child. Sometimes, even
when the woman’s and the man’s reproductive
systems appear healthy to their respective physi-
cians, no pregnancy occurs.

Couples seeking to attain pregnancy report that
unexplained infertility is an extremely upsetting

situation. However, amazing progress has been
made in reproductive technologies, allowing many
women to achieve pregnancies once thought to be
impossible. Women may be advised to take med-
ications to stimulate ovulation or other drugs need-
ed to achieve pregnancy, or they may become
pregnant by way of in vitro fertilization.

Endocrine diseases can impede the course of a
normal pregnancy. For example, some women
develop GESTATIONAL DIABETES, which is diabetes
that occurs only during pregnancy. Such women
must be carefully followed by their physicians dur-
ing their pregnancies to help ensure a normal
pregnancy and the delivery of a healthy child.
Some endocrine diseases, such as untreated
HYPOTHYROIDISM, can cause an otherwise healthy
woman to have great difficulty achieving a preg-
nancy. Once her thyroid levels are normalized, the
woman may be able to become pregnant.

See also AMENORRHEA; BREAST-FEEDING; FERTILITY;
INFERTILITY; MALE REPRODUCTION; PREGNANCY; REPRO-
DUCTIVE ENDOCRINOLOGY.

fertility The ability to create a pregnancy that
results in the delivery of a live child. If they have
normal fertility, an estimated 93 percent of couples
should be able to achieve a pregnancy after 12
months of unprotected intercourse. The inability to
achieve a pregnancy is the definition of INFERTILITY.

For most women, fertility declines markedly after
age 3540 years. They may require assisted repro-
ductive techniques from specialized clinics, such as in
vitro fertilization or donated embryos, to achieve a
pregnancy and a birth. Unfortunately, these tech-
niques do not always succeed. Fertility also declines
in men as they age, although many men can contin-
ue to father children well beyond the age of 40.
Sometimes infertile couples or single individuals who
desire to parent a child but cannot create a pregnan-
cy will hire a surrogate mother. Others will adopt a
child from their own country or another country.

Sexually transmitted diseases, heavy drug or
alcohol use, and other factors may impair fertility
for both men and women. Endocrine diseases such
as HYPOTHYROIDISM, CUSHING'S DISEASE, HYPOGO-
NADISM, and POLYCYSTIC OVARY SYNDROME can also
impair fertility.
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See also FEMALE REPRODUCTION; MALE REPRODUC-
TION; PREGNANCY,; REPRODUCTIVE ENDOCRINOLOGY.

follicle-stimulating hormone (FSH) A hormone
released by the anterior pituitary gland as directed
by the HYPOTHALAMUS GLAND. In women, this hor-
mone stimulates ovulation to occur and also caus-
es the release of ESTRADIOL. In men, FSH stimulates
the production of sperm. Estradiol in women and
testosterone in men are the hormones that feed
back to the pituitary and hypothalamus and help to
maintain an appropriate balance.

Like other pituitary hormones, FSH is secreted in
a pulsatile fashion. Levels of FSH need to be assessed
by physicians who have knowledge of the clinical
situation of the patient as well as the concurrent
estradiol or testosterone levels or semen analysis.

When adult women present with menstrual dif-
ficulties, such as the failure to menstruate (AMEN-
ORRHEA) or with infrequent menstruation
(oligomenorrhea), physicians will measure levels
of FSH, LUTEINIZING HORMONE (LH), and possibly
other hormone levels. The normal FSH blood lev-
els of a premenopausal woman, according to the
NATIONAL INSTITUTES OF HEALTH, is five to 30 inter-
national units per liter (IU/1), although the midcy-
cle peak may range from 10-60 IU/L

Physicians may also decide to test the FSH levels
if a woman has (or is suspected of having) OVARIAN
CYSTS Or MULTIPLE ENDOCRINE NEOPLASIA, type 1
(MEN 1). With primary ovarian or testicular fail-
ure, the FSH level will be increased and the estra-
diol or testosterone levels will be elevated. When a
hypothalamic or a pituitary problem is present, the
FSH level will be inappropriately low.

Some endocrine disorders associated with
abnormal FSH blood test results include the follow-
ing: HASHIMOTO’S THYROIDITIS, HYPOPITUITARISM,
POLYCYSTIC OVARY SYNDROME, POSTPARTUM PITUITARY
NECROSIS (pituitary failure after childbirth), and
TURNER SYNDROME.

fractures Breaks in the bones. People who have
OSTEOPOROSIS have a low bone density and also expe-

rience a greater risk of developing fractures than do
others. In addition, individuals with OSTEOMALACIA,
another low-density BONE DISEASE, also have an
increased risk for suffering from bone fractures.

Endocrinologists differentiate between fragility
fractures and other fractures. Fragility fractures are
those that occur with minimal or no trauma and
are clearly a sign of decreased bone strength. This
decreased bone strength is typically due to
decreased bone density usually associated with
microarchitectural abnormalities of the bone.
Radiographic fractures are those seen on X-rays but
that are not clinically significant to the patient. In
contrast, a broken arm or leg that occurs in an acci-
dent is usually severely painful to the patient, who
actively seeks treatment for the problem.

Some endocrine diseases are linked to a greater
risk for fractures. For example, a large study, the
Study of Osteoporotic Fractures, demonstrated that
elderly women with HYPERTHYROIDISM have a three
times greater risk of having fractures than women
of the same age with normal thyroid-stimulating
hormone (TSH) levels. A past history of having
hyperthyroidism, among women who currently
had normal thyroid levels, was associated with
twice the risk of developing fractures.

Research has shown that women taking 3-
hydroxy-3-methylglutaryl coenzyme A (HMG
CoA) reductase inhibitor medications, also known
as statins, for hyperlipidemia have a lower risk of
suffering from hip and nonspine fractures. Statins
apparently stimulate bone formation and enhance
bone strength.

See also ELDERLY; OSTEOPENIA.
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galactorrhea Breast milk production in nonnurs-
ing women. Hyperprolactinemia, the excess pro-
duction of prolactin from the lactotrophs in the
anterior pituitary gland, is the most common cause
of galactorrhea.

PROLACTINOMA is a benign cause of hyperpro-
lactinemia that can lead to galactorrhea. Other
causes of excess prolactin can also lead to breast
milk production, for example, HYPOTHYROIDISM, the
chronic excessive stimulation of the breast or nip-
ple, or drugs that reduce the production of
dopamine in the brain, such as certain antipsycho-
tic drugs (haloperidol and risperidone) and the
antiemetic drug metoclopramide. The galactorrhea
usually resolves with successful treatment of the
underlying illness.

See also PROLACTIN.

gastric surgery for weight loss An elective sur-
gery and the most effective form of weight reduction
surgery (also known as bariatric surgery). It is per-
formed on some morbidly obese patients who have
failed to lose weight with diet and exercise regimens
and whose health is seriously compromised. Many
patients who have gastric bypass surgery also have
TYPE 2 DIABETES and hypertension prior to the proce-
dure. They are also at risk for developing heart dis-
ease and stroke. The surgery usually improves these
conditions, in many cases bringing glucose and
blood pressure levels to normal.

In a study reported in a 2003 issue of the Annals
of Surgery, the researchers evaluated 191 patients
with Type 2 diabetes and who underwent laparo-
scopic Roux-en-Y gastric bypass surgery. Most
patients lost about 100 pounds. A dramatic per-
centage (83 percent) experienced a normalization
of their blood glucose levels and thus a reversal of
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their diabetes after the weight loss caused by the
surgery. The remaining 17 percent showed marked
improvements of their glucose levels.

Most patients who choose gastric bypass surgery
are females. Many physicians who perform gastric
bypass surgery require prospective patients to
undergo psychological evaluations. This is done to
ensure that patients are emotionally stable and that
they understand that the procedure is not
reversible, should they be unhappy with their new
inability to eat large quantities of food. In addition,
these patients require a comprehensive evaluation,
including, but not limited to, cardiac stress testing,
pulmonary function testing, sleep studies, and
complete laboratory evaluations.

In general, physicians restrict weight reduction
surgery to adult patients with a BODY MASS INDEX
(BMI) of 40 or greater. However, in some cases, the
procedure will be performed in patients whose
BMI is 35 or greater when they have other signifi-
cant health problems (such as diabetes) that would
be improved with extensive weight loss.

Gastric bypass surgery allows digestion to occur.
However, patients can eat only small quantities
because of the shrunken size of the stomach. If
they revert to past habits of consuming large
amounts of food, they become severely nauseated
and experience stomach upset and vomiting.

Benefits of Surgery

In addition to the general benetfits of a considerable
weight loss in obese individuals, these patients usu-
ally show an improvement in their menstrual reg-
ularity, FERTILITY, and overall hormonal balance.
Women can become pregnant after having gastric
bypass surgery, although physicians recommend
that women wait at least a year after surgery before
they seek to conceive a child.
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Of interest is that some patients who have had
gastric surgery experienced a change in their GHRE-
LIN levels. Ghrelin is a hormone released by the
stomach that affects hunger and a feeling of full-
ness after eating (satiety). In a study reported in a
2002 issue of the New England Journal of Medicine,
researchers compared the ghrelin levels of individ-
uals who lose weight through dieting after six
months on a low-calorie, low-fat diet, with patients
who lost weight from gastric surgery. They found
that the gastric surgery patients had significantly
lower levels of ghrelin. In a seemingly self-defeating
manner, the dieters” ghrelin levels actually went up
when they dieted.

Said the researchers, “In summary, 24-hour
plasma ghrelin levels increase in response to diet-
induced weight loss, suggesting that ghrelin may
play a part in the adaptive response that limits the
amount of weight that may be lost by dieting. We
also found that ghrelin levels are abnormally low
after gastric bypass, raising the possibility that this
operation reduces weight in part by suppressing
ghrelin production.”

Disadvantages to Gastric Bypass Surgery

Gastric bypass surgery comes with disadvantages.
For example, patients may develop serious vitamin
and mineral deficiencies, particularly of vitamin
B12, as well as of iron, folate, and calcium. Some
patients develop gallstones after surgery as well as
other digestive ailments.

The surgery is a serious one, and some fatalities
have occurred. However, with proper preoperative
selection and evaluation of patients, operative and
perioperative mortality should be less than 1 per-
cent. This percentage needs to be contrasted with
the nearly 33 percent death rate over 10 years in
those obese patients who do not have the surgery.

Adolescents and Gastric Bypass Surgery

Some adolescents are severely obese, and they may
seek gastric bypass surgery. However, this proce-
dure is controversial in adolescents, and most
health insurance companies will refuse to pay for
it. According to an article in a 2003 issue of the
Wall Street Journal, an estimated 150 adolescents in
the United States have had gastric bypass surgery,

compared with an estimated 100,000 adults who
have weight reduction surgery in a year.

Physicians who perform gastric bypass surgery
generally require adolescents to be more obese
than their adult counterparts in order to be consid-
ered for this surgery or to have a BMI of greater
than 40 accompanied by a serious medical prob-
lem, such as diabetes mellitus or hypertension.

See also OBESITY.

For further information on gastric bypass sur-
gery, contact the following organizations:

American Society for Bariatric Surgery
7328 West University Avenue

Suite G

Gainesville, FL 32607

(352) 331-4900

http://www.asbs.org

American Society of Bariatric Physicians
5453 East Evans Place

Denver, CO 80222

(303) 770-2526

http://www.asbp.org
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gastrinomas Tumors that typically occur in the
pancreas or duodenum and that secrete excess gas-
trin, a hormone necessary for the production of
acid in the stomach. The excessive gastrin triggers
an overproduction of digestive acids. Gastrinomas
are a characteristic feature of Zollinger-Ellison syn-
drome, a condition first discovered by Drs.
Zollinger and Ellison in 1955. One or multiple
tumors may be present.
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Patients with gastrinomas usually present with
excessive peptic ulcer disease (in about 90 percent
of cases). However, very few patients with peptic
ulcers have gastrinomas. Patients also present with
malabsorption plus weight loss and dumping syn-
drome, a condition that occurs when food enters
the small intestine too rapidly. Common symptoms
are abdominal pain and diarrhea as well as large
amounts of fat in the stool.

Gastrinomas also sometimes contain and secrete
other hormones, including adrenocorticotropic
hormone (ACTH), INSULIN, GLUCAGON, vasoactive
intestinal peptide (VIP), 5-hydroxyindole-acetic
acid (HIAA), and melanocyte-stimulating hormone
(MSH). About 40-50 percent of gastrinomas are
malignant (cancerous), and about 25 percent are
associated with MULTIPLE ENDOCRINE NEOPLASIA
(MEN) syndrome. Many gastrinomas are multifo-
cal. Of those that are malignant, greater than 50
percent have already metastasized (spread) by the
time the condition is diagnosed.

Gastrinomas are most common in individuals
35-65 years of age. They occur slightly more com-
monly in males than in females.

When gastrinomas are suspected, serum levels
of gastrin and gastric acid output are both meas-
ured. The patient’s medical history is extremely
important as other conditions (such as kidney fail-
ure, antral G cell hyperplasia, retained antrum syn-
drome, and some medications) can also lead to
elevated gastrin levels.

Once the biochemical diagnosis is performed,
attempts are made to localize the tumor. Often
nuclear medicine studies with octreotide are used.
An endoscopic ultrasound may be useful in locat-
ing tumors. Computerized tomography (CT) scans
and magnetic resonance imaging (MRI) scans can
be used to look for metastases, but they are not
usually sensitive enough to locate the small, pri-
mary tumors.

Patients with gastrinomas can be treated with a
combination of medications (histamine-2 blockers
and proton pump inhibitors) and octreotide. The
indications for surgery have become more contro-
versial. Surgery is used for early and easily local-
ized disease, when medical therapy has failed, or in
metastatic disease for palliative (pain relief) pur-

poses. Chemotherapy may also be employed if the
cancer has spread.

genetic risks The probability of inheriting a dis-
ease because it is present in other family members
such as parents and/or siblings. If a disease is partic-
ularly linked to a genetic risk, it will often have the
word “familial” as part of the name of the medical
problem, such as with FAMILIAL HYPERCHOLES-
TEROLEMIA O FAMILIAL COMBINED HYPERLIPIDEMIA.
The likelihood of becoming ill with many diseases
and disorders, such as DIABETES MELLITUS, hyperten-
sion, and thyroid disease, includes genetic compo-
nents. However, in most cases, people who have
genetic risks for a disease can mitigate the chances
of developing the disease. For example, people at
risk for developing hypertension can exercise,
maintain a healthy weight, and eat a nutritious diet.

People at risk for TYPE 2 DIABETES can maintain a
normal weight and eat a balanced diet, which will
often stave off diabetes permanently or until the
individual is elderly.

genetic short stature The attainment of below-
normal height but with proportional features, such
as arms and legs that are proportional to the per-
son’s height. Genetic short stature occurs because
the individual was born to individuals who were of
short stature themselves or who carry a gene for
short stature. Thus the person has inherited a
genetic predisposition to a small size. Genetic short
stature is not the same as dwarfism, which brings
other characteristic facial features, such as a large
head and high forehead.

Sometimes physicians will administer GROWTH
HORMONE to individuals who would not otherwise
reach the norm for height among their peers.
However, this is considered controversial therapy
by many physicians.

See also DWARFISM.

gestational diabetes (GDM) Diabetes that is diag-
nosed during pregnancy, typically in the second or
third trimester.
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The cause of gestational diabetes is unknown,
although experts speculate that the many hormon-
al changes that are experienced during pregnancy
are a factor. Women who develop GDM may also
have a genetic predisposition to the development
of diabetes mellitus and the stress of the pregnancy
may be allowing the problem to manifest itself.
Another argument in favor of a genetic component
to GDM is that women who were born to mothers
who had GDM will present with GDM more fre-
quently than women born to mothers not afflicted
with the condition.

Women with gestational diabetes have a dra-
matically higher risk of developing Type 2 diabetes
15-20 years after the onset of GDM. This risk is the
highest among Hispanic, Native-American, and
African-American women who have had gesta-
tional diabetes.

Other risk factors for developing GDM are age
(women over age 30 have a greater risk than
younger woman) and the number of children that
a woman has borne (the risk increases with each
subsequent pregnancy).

Other risk factors for experiencing GDM
include:

e A family history of diabetes
e Gestational diabetes with previous pregnancies

e Previous births of very large infants (heavier
than 9 pounds)

e Prior problem pregnancies (either stillbirths or
miscarriages)

Screening Pregnant Women for GDM

All pregnant women should be screened for risk
factors for GDM in their first prenatal visit, accord-
ing to the AMERICAN DIABETES ASSOCIATION.
Physicians should consider if risk factors such as
obesity, a previous history of GDM, or a family his-
tory of the disease are present. If a woman is
believed to be at high risk, she should be screened
prior to any planned pregnancy or very early in the
pregnancy as well as at intervals throughout the
pregnancy, at the discretion of the obstetrician.
Typically, this screening is performed by measuring
the woman’s blood glucose levels or with a glucose
tolerance test.

All women should be rescreened for GDM
between the 24th and 28th weeks of pregnancy,
unless they lack all risk factors for GDM.

Diagnosis and Treatment

The diagnosis is made either by an in-office glucose
test if the glucose levels are very high or by a formal
glucose tolerance test performed by a laboratory.
The screening test done at 24-28 weeks of preg-
nancy is followed by a formal glucose tolerance test
to make the diagnosis of gestational diabetes.

If testing confirms GDM, women should be
referred to a diabetes care team within 48 hours of
the initial diagnosis so they can receive complete
information and recommendations on their partic-
ular cases. This team should include, at a minimum,
the obstetrician, an endocrinologist, and a regis-
tered dietitian. Most women with GDM should also
learn how to test their own blood and use the infor-
mation from blood glucose testing to make appro-
priate meal-planning and health decisions. In very
mild cases of GDM, changes in caloric and carbohy-
drate intake can control the diabetes. In other cases,
INSULIN is required. Most experts believe that
women with GDM who require insulin should test
their blood at least two to four times per day.

In other cases (about 30-60 percent) insulin is
required. As the pregnancy progresses, women may
need higher doses of insulin. Several studies have
shown the efficacy of oral hypoglycemia medica-
tions in the treatment of GDM. However, as of this
writing, none of the oral medications have been
approved by the Food and Drug Administration
(FDA) for use in pregnancy; thus, the only
approved therapy other than nutrition and exercise
is injected insulin.

Lifestyle changes will also be recommended to
women with GDM. Nearly all women with GDM
need to eat three meals and three snacks per day at
regular intervals, with a small breakfast to avoid
developing a midmorning HYPERGLYCEMIA. The
physician may also prescribe an exercise plan that
includes non-weight-bearing types of exercises,
such as walking or bicycling.

After Delivery

In most cases, women with GDM are no longer
diabetic after the delivery of their babies. Only
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about 10-15 percent of women with GDM have
persistent diabetes immediately after delivery.
Despite this, women who have had GDM must
continue to monitor their blood glucose levels for
at least several weeks after being discharged from
the hospital. All women with GDM should have a
follow-up glucose tolerance test six to eight weeks
postpartum to ensure that they no longer have dia-
betes and to gauge their current and future risk of
the development of diabetes.

Women with GDM are also usually encouraged
to breast-feed their babies. In addition to the many
known benefits of BREAST-FEEDING accruing to both
the mother and the infant, breast-feeding may also
help to improve the mother’s own insulin status. In
addition, it may also help her to lose weight, which
should further decrease her future susceptibility to
developing Type 2 diabetes.

See also DIABETES MELLITUS; PREGNANCY; TYPE 2
DIABETES.
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ghrelin A protein hormone discovered in 1999 in
Japan. It is synthesized in the stomach and duode-
num and consists of 28 amino acids. Ghrelin is the
first hormone that clearly links the gastrointestinal
tract, the pituitary gland, and the hypothalamus.

Ghrelin, which increases food intake in rats and
humans, is the first hormone that has been found
to stimulate appetite and appears to be involved
with the regulation of appetite and weight. Ghrelin
levels can be measured in the bloodstream. In addi-
tion, ghrelin seems to bind to the growth hormone-
releasing receptor and to have a role in the
secretion of growth hormone.

After standard dieting, ghrelin levels increase
and again decline with refeeding. In patients who

have undergone GASTRIC BYPASS SURGERY, ghrelin
levels are decreased. This may be part of the reason
why this procedure has the best track record in
terms of patients maintaining their weight loss over
years. Some studies indicate that people with
PRADER-WILLI SYNDROME have abnormally high lev-
els of ghrelin, which may account for their raven-
ous and uncontrollable appetites.

Experts and clinical researchers are studying the
impact of ghrelin and hope to develop an antighrelin
type of medication that will help combat the epi-
demic of OBESITY currently seen in the United States,
Canada, and other developed countries.

See also GROWTH HORMONE.
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gigantism A condition caused by excessive secre-
tion of growth hormone, usually due to a tumor of
the pituitary gland. The tallest man ever recorded
was the late Robert Wadlow, at 8 feet, 11 inches in
height. The tallest woman (who is still alive, as of
this writing) is 7 feet, 5.5 inches. A photograph of
the tallest living woman is provided in a 1999 issue
of the Journal of Clinical Endocrinology ¢ Metabolism.

For gigantism to occur, the excess growth hor-
mone must be secreted prior to the closing of the
growth plates (epiphyses) in the bones. The excess
growth hormone can result from a pituitary tumor,
hypersecretion of growth hormone-releasing hor-
mone (GHRH) from the hypothalamus, or a defi-
ciency of SOMATOSTATIN in the neural pathways in
the hypothalamus leading to the pituitary gland.
Gigantism can accompany the following endocrine
disorders: MCCUNE-ALBRIGHT SYNDROME, CARNEY
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COMPLEX, NEUROFIBROMATOSIS, and MULTIPLE
ENDOCRINE NEOPLASIA (MEN) syndrome type 1. It
can also occur with optic nerve tumors.

The symptoms of gigantism are similar to those
seen with acromegaly, in which the excess growth
hormone is secreted after the growth plates in the
bones have closed, causing patients to have
enlarged hands and feet, excess sweating (hyper-
hydrosis), coarse facial features, and prognathism
(jaw protrusion). Most children with increased
growth do not have gigantism and are more likely
to have genetic tall stature, HYPERTHYROIDISM, OT
genetic abnormalities such as Soto, Weaver,
Marshall-Smith, and XYY syndromes.

To diagnose gigantism, initially insulin-like
growth factor 1 (IGF-1) is measured as well as IGF
binding protein 3. The gold standard is the glucose
suppression test. In this test, the patient is given
oral glucose, and then serial growth hormone lev-
els are measured. In patients with normal growth
hormone physiology, the growth hormone will
decrease to a level of less than 2 ng/dl. If ectopic
GHRH secretion is suspected, this can be measured
in the blood. As with all endocrine disorders, once
there is biochemical evidence of a disorder, imaging
of the pituitary and hypothalamus with MAGNETIC
RESONANCE IMAGING (MRI) or COMPUTERIZED
TOMOGRAPHY (CT) is indicated. If imaging reveals
the presence of a pituitary or hypothalamic tumor
or structural lesion, surgical intervention is the best
approach. This can be followed by medication and
radiotherapy.

BROMOCRIPTINE (Parlodel), octreotide (Sandostatin
and Sandostatin LAR), lanreotide, and pegvisomant
may be utilized to treat patients with gigantism, and
combinations of medications are often used.
Radiotherapy in children often leads to pituitary fail-
ure and the need for multiple hormone replacement
therapies.

See also ACROMEGALY; PITUITARY GLAND.

Eugster, Erica A., and Ora H. Pescovitz. “Gigantism.”
Journal of Clinical Endocrinology € Metabolism 84, no. 12
(1999): 4,379-4,383.

glucagon A hormone secreted by the alpha cells
of the pancreas. Glucagon acts in the liver to

increase the glucose level in the blood by stimulat-
ing stored glycogen to break down as well as by
stimulating the synthesis of new glucose from
other precursors. However, some individuals, such
as those who are severely alcoholic and/or mal-
nourished, do not have stored glycogen readily
available to them, and thus the glucagon cannot act
properly in their cases.

Patients who have had Type 1 diabetes for five
or more years will still have glucagon in their pan-
creas. However, they will lose the ability to secrete
glucagon when they become hypoglycemic, thus
rendering them more likely to develop hypo-
glycemia again.

In an emergency, glucagon may be administered
by intramuscular injection to patients with diabetes
and severe hypoglycemia who cannot eat or drink.
The injected glucagon will work within 15-20 min-
utes to increase the blood glucose level. Thus, the
glucagon injection is a critical tool for use at home,
in the field, and even in the hospital if an intra-
venous line cannot be placed to give glucose. The
one side effect of a glucagon injection is mild-to-
moderate nausea.

On very rare occasions, the pancreas can pro-
duce tumors—glucagonomas—that secrete exces-
sive glucagon that can cause HYPERGLYCEMIA,
nausea, and rash. Cancerous tumors can also,
rarely, produce glucagons. An antidiabetic medica-
tion, pramlintide (Symlin) exerts part of its effect
by suppressing the surge in endogenous glucagon
that occurs after meals in patients with diabetes.

See also DIABETES MELLITUS; HORMONES.

glucagonoma An extremely rare, slow-growing
neuroendocrine tumor, usually malignant (in 80
percent of the cases), of the alpha 2 islet cells of the
pancreas, the organ that secrets both INsULIN and
GLUCAGON. It is most likely to occur after the age of
55. Since Dr. S. W. Becker’s first description of a
glucagonoma in 1942, fewer than 300 glucagono-
mas have been described worldwide.

Individuals with MULTIPLE ENDOCRINE NEOPLASIA,
type 1 have an increased risk for developing
glucagonomas, although they are rare in these
individuals as well. This type of tumor may also
spread to the liver. The tumor may also cause
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impaired glucose tolerance or overt HYPERGLYCEMIA.
It also causes a special type of skin lesion called a
necrolytic migratory erythema, in which the skin is
hypersensitive to pressure and friction.

Symptoms of a glucagonoma include the follow-
ing:

¢ A skin rash present on the face, abdomen, but-
tocks, or legs, which may be scaly and crusty

¢ Inflammation of the tongue and mouth
e Unexplained weight loss

e Frequent urination (polyuria)

e Extreme thirst

e Nighttime urination (nocturia)

e Increased appetite

e Thromboembolic disorders (blood clots, pul-
monary embolism)

Doctors who suspect that a patient may have a
glucagonoma will measure blood levels of glucagon
with a concurrent glucose level. The patient will
also have an abnormal result on the glucose toler-
ance test and will have an elevated fasting glucose
level. Once the biochemical diagnosis of a gluco-
gonoma is made, imaging studies may be done to
try and localize the tumor for the surgeon.
Computerized tomography (CT) will often show
the presence of the tumor within the pancreas.

The only treatment as of this writing is surgery
because glucagonomas do mnot respond to
chemotherapy or radiation treatment. Octreotide
(Sandostatin) may be used to decrease symptoms.

glucocorticoids The name given to the steroids
that help to maintain blood glucose levels. It is
often used interchangeably with the term steroid.
Glucocorticoid medications such as prednisone
(Deltasone, Metiorten, Sterapred, Pediapred), dex-
amethasone (Decadron), and cortisone acetate
(Cortef) are used to treat many inflammatory con-
ditions such as asthma, ulcerative colitis, and
rheumatoid arthritis. They are also used to treat
ADDISON’S DISEASE.

When glucocorticoids are given in excess quan-
tity for any reason, it can lead to CUSHING’S SYN-

DROME, with increased blood pressure and glucose,
centripetal redistribution of body fat (especially
around the abdominal area), and a “moon face.”

The term glucocorticoid was devised when these
compounds were first being analyzed and segregat-
ed by their abilities to maintain blood glucose lev-
els (glucocorticoids) or to maintain blood pressure
and salt and water balance (mineralocorticoids).
Most of these compounds have both glucocorticoid
and mineralocorticoid capabilities, with the excep-
tion of dexamethasone, which has no mineralocor-
ticoid effect.

Other examples of oral glucocorticoid medica-
tions include:

e Betamethasone (Celestone)
e Methylprednisone (Meprol)

e Triamcinolone (Aristocort)

glucose intolerance Refers to a condition in
which glucose levels are higher than normal but
lower than the level used to determine DIABETES
MELLITUS. Glucose intolerance is determined by the
two-hour ORAL GLUCOSE TOLERANCE TEST. In this
test, the patient’s blood is assessed after one hour
and then again an hour later. Glucose intolerance
is defined as a glucose level greater than 140 mg/dl
but less than 199 mg/dl.

Often patients with glucose intolerance have
HYPERLIPIDEMIA Or OBESITY. Women with this condi-
tion may also have POLYCYSTIC OVARY SYNDROME.

Patients may progress to diabetes. They also
have an increased risk for cardiovascular disease
such as heart attack and stroke.

goiter A general term that implies an enlarge-
ment of the thyroid gland without any determina-
tion as to the cause for the enlargement or whether
the thyroid function is low, normal, or high.
Goiters may be seen in patients with HYPOTHY-
ROIDISM (below-normal levels of thyroid hor-
mone), HYPERTHYROIDISM (excessively high levels of
thyroid hormone), and even sometimes among
patients who have a completely normal thyroid
function.
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A symmetrical goiter (an enlargement on both
sides of the neck) is common among patients with
hypothyroidism, THYROIDITIS, or GRAVES’ DISEASE.
An asymmetrical goiter is typically due to multiple
nodules and/or thyroiditis. Elderly patients with
thyroid disease are less likely to have goiters than
younger patients with thyroid problems.

Before the twentieth century, goiters were often
caused by a severe deficiency in iodine, which then
led to hypothyroidism. Today, iodine deficiency is
very rarely a cause of thyroid disease in the United
States, Canada, and other developed countries.
However, iodine deficiency continues to cause goi-
ters and thyroid disease in developing countries
around the globe.

Signs and Symptoms

Often there are no symptoms of goiter other than
an enlarged neck, a sign that is often overlooked by
patients and even by some medical doctors if the
enlargement is not prominent. Other symptoms
that may occur are dysphagia (difficulty swallow-
ing) and a change in the patient’s voice, which
becomes weaker and more hoarse. Some patients
may also have difficulty breathing because of the
size of the goiter.

Diagnosis and Treatment

Goiters are evaluated for two reasons. The first is
structural. If a dominant nodule is present within a
goiter, the next best step is a fine-needle aspiration
to check for malignancy. If a patient has a diffuse
goiter causing structural symptoms, such as prob-
lems with swallowing (dysphagia) or pain, often
surgery is the best option, unless an underlying
cause can be treated. The second reason for evalu-
ating a goiter is functional. If a gland is enlarged
due to primary hypothyroidism, with decreased
thyroid hormone and increased thyroid-stimulat-
ing hormone (TSH) levels, it is best treated with
thyroid hormone replacement therapy. This thera-
py will normalize the TSH levels and lead to shrink-
age of the goiter. Thus, a variety of tests are used in
this diagnostic process, including blood tests for
thyroid hormone levels, ultrasound, and radionu-
clide scan. All tests do not have to be performed in
all patients.

Each patient’s evaluation should take place after
a medical history is taken and a physical examina-
tion is performed. This way the appropriate tests
may be done in the appropriate order to avoid
wasting the patient’s time and money and to lead
to an expedient diagnosis.

See also HASHIMOTO’S THYROIDITIS.

gonadal disorders See HYPOGONADISM.

gonadotropin deficiency See HYPOGONADOTRO-
PISM.

Graves’ disease The most common cause of
HYPERTHYROIDISM, an excessive level of thyroid hor-
mone circulating in the body. This thyroid disease
was named after Irish physician Robert Graves in
1835. Graves’ disease is an autoimmune disease,
which means that the immune system mistakenly
attacks the body rather than foreign invaders such
as bacteria or viruses. In addition to hyperthy-
roidism/THYROTOXICOSIS, Graves’ disease may cause
exopthalamos (severely bulging eyes) or other eye
findings. Rarely, it may cause a rash.

Researchers have demonstrated that the cause
of Graves’ disease is the stimulation of the thyroid
gland by a thyroid-stimulating immunoglobulin.
Some researchers have also noted that extremely
stressful events (such as a death in the family, los-
ing a job, or another extreme stressor) may some-
times precede the development of Graves’ disease.
This has led experts to speculate that stress may
trigger the disease to develop among susceptible
individuals. However, most studies that have care-
tully looked at this issue have failed to show a con-
vincing link between stress and the subsequent
development of Graves’ disease.

Graves’ disease also has a strong genetic compo-
nent. The illness may be discovered because of the
characteristic GOITER (thyroid enlargement), which
causes the patient’s neck to become noticeably
swollen and disproportionate to the head and the
rest of the body. In addition, the patient’s wide-
open staring gaze and bulging eyes are other com-
mon indications of the disease.
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Risk Factors

Graves’ disease is much more common in females;
women have about five times the risk of develop-
ing the disease as do men. Children and adoles-
cents can also develop Graves’ disease, although it
is more frequently seen among adults. Often coex-
isting diseases and medical conditions are also seen
in patients who have Graves’ disease, including
TYPE 1 DIABETES, ADDISON’S DISEASE, and pernicious
anemia.

Signs and Symptoms of Graves’ Disease

The following signs and symptoms are usually seen
in patients with Graves’ disease (some of these are
also seen in patients with hyperthyroidism but who
do not have Graves’ disease):

e A goiter that is visible and palpable (can be felt
by a physician)

e Eye problems (feeling of grittiness or irritation
in the eye or other eye symptoms)

e Bulging, eye-popping appearance
e Heat intolerance

e Weight loss (when the patient is not seeking to
lose weight); however, about 10 percent of
patients gain weight

e Itching skin

e Excessive thirst

e Rapid heartbeat

e AMENORRHEA (no menstrual periods) in women

e Loss of sex drive

Diagnosis and Treatment

If the physician suspects that Graves' disease is
present, based on the patient’s appearance and the
presence of hyperactive symptoms (such as an ele-
vated blood pressure and pulse and overall extreme
nervousness), the doctor will almost invariably
order a thyroid-stimulating hormone (TSH) test to
check for the levels of thyroid in the patient’s
bloodstream. Unusually low levels of TSH are
indicative of hyperthyroid disease.

Unless the patient is pregnant, doctors will also
usually order thyroid radionuclide studies to deter-

mine whether Graves’ disease or THYROIDITIS may
be causing the patient’s hyperthyroidism.

Treatment is often first given in the form of
antithyroid medications, such as propylthiouracil
or Tapazole (methimazole). If these drugs fail to
bring the patient’s thyroid levels down to within
normal levels, radioactive treatments may be given
to the patient. Surgery, which usually involves a
nearly total removal of the thyroid gland, may
become necessary, although surgery is not general-
ly used as a common treatment for Graves’ disease
in the United States.

Ophthalmologists treat the eye complications
that are caused by Graves’ disease, often with glu-
cocorticoid medications or with external X-ray ther-
apy. Barbara Bush, former first lady, suffered from
eye complications caused by Graves’ disease and
she was treated with orbital radiation therapy and
glucocorticoid medications. The late actor Marty
Feldman, also noted for his extremely bulging eyes,
suffered from Graves’ ophthalmopathy.

Patients with severe eye problems caused by
Graves’ disease may need surgery. Fortunately,
severe eye disease is rare. Older men have a high-
er risk than other patients for developing serious
eye complications of the disease, and Caucasians
have a higher risk of developing eye complications
than individuals of other races. In addition,
patients with Graves” disease who smoke have a
greater risk for developing eye complications of the
disease.

Pregnancy and Graves’ Disease

Graves’ disease is the most common form of hyper-
thyroidism identified during pregnancy, represent-
ing about 85 percent of all cases found during that
period. When present, the signs and symptoms of
Graves’ disease usually appear in the first trimester
or after the delivery of the baby. Graves’ disease
must be treated in the pregnant woman because
she is at risk for excessive weight loss and for the
development of congestive heart disease. The fetus
is also at risk, for premature birth, fetal tachycardia,
and severely slowed growth.

Treatment of Graves’ disease during pregnancy
is generally in the form of beta-blocker drugs rather
than radioiodine, which can be dangerous to the
developing fetus. Doctors may also treat the preg-
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nant woman or new mother with propylthiouricil
(PTU). It is less likely to cross into the placenta than
other drugs, and it is also less likely to appear in
breast milk than are other antithyroid medications.

See also HASHIMOTO’S THYROIDITIS; THYROID
BLOOD TESTS; THYROID-STIMULATING HORMONE; THY-
ROID STORM.

For further information on Graves’ disease, con-
tact the following organization:

National Graves’ Disease Foundation
P.O. Box 1969

Brevard, NC 28712

(828) 877-5251
http://www.ngdf.org

Imrie, Helen, et al. “Evidence for a Graves’ Disease
Susceptibility Locus at Chromosome Xp11 in a United
Kingdom Population.” Journal of Clinical Endocrinology
& Metabolism 86, no. 2 (2001): 626-630.

Rivkees, Scott A., Charles Sklar, and Michael Freemark.
“The Management of Graves’ Disease in Children,
With Special Emphasis on Radioiodine Treatment.”
Journal of Clinical Endocrinology and Metabolism 83, no.
11 (1998): 3,767-3,777.

Weetman, Anthony P, M.D. “Graves’ Disease.” New
England Journal of Medicine 343, no. 17 (October 26,
2000): 1,236-1,248.

growth disorders Medical problems that are
often caused by either inadequate or excessive lev-
els of growth hormone. The underlying cause is
often a problem with the pituitary gland.

Growth hormone deficiency refers to lower-
than-normal levels of circulating growth hormone
and results in short stature, such as DWARFISM.
When ACROMEGALY occurs before puberty, it leads
to excessive growth and GIGANTISM.

See also GENETIC SHORT STATURE; GROWTH HOR-
MONE.

growth hormone (GH) A protein hormone syn-
thesized by the PITUITARY GLAND that enables indi-
viduals to grow to an adult height. Of the seven
anterior pituitary hormones, GH is produced in the
greatest amounts. Growth hormone is secreted
throughout life, although the amount that is

secreted decreases as individuals age. Most of the
effects of GH are mediated by insulin-like growth
factor 1.

In addition to leading to the linear growth of a
child, growth hormone also helps with the break-
down of fat (lipolysis), stimulates protein synthesis,
and helps the body to retain needed sodium and
water. Growth hormone is produced by individuals
at all ages because it is also needed for the body to
repair microscopic tissue damage properly. Peak
levels of growth hormone production usually occur
in the evening, when individuals are asleep.

A tumor of the pituitary gland may cause an
excessive production of growth hormone, resulting
in GIGANTISM if it occurs before puberty and is not
treated and ACROMEGALY if it occurs after puberty.
An insufficiency of growth hormone, on the other
hand, may cause short stature or may cause some
rare cases of DWARFISM. (Dwarfism is usually
caused by a genetic mutation rather than by a lack
of growth hormone.)

It is controversial, but some children—especial-
ly males—who are below normal in height have
been treated with growth hormone. Although
growth hormone does not make them become tall,
it generally allows them to achieve a greater height
than they otherwise would have attained. If
administered, growth hormone must be given to
children prior to the onset of puberty and before
the endplates in their bones (the epiphyses) close
for the best effect.

Some examples of growth hormones that are
used include:

e Genotropen
¢ Norditropen
e Humatrope

e Serostim

Growth hormone is also sometimes used in
adults who have growth hormone deficiency. It
will help to increase their strength and muscle
mass, decrease their percentage of body fat,
increase their bone density, and in general,
increase their overall sense of well-being.

See also AIDS; DELAYED PUBERTY; EARLY PUBERTY;
GROWTH DISORDERS; GROWTH HORMONE DEFICIENCY.
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For further information, contact the following
organization:

Human Growth Foundation

997 Glen Cove Avenue
Suite 5

Glen Head, NY 11545
(800) 451-6434 (toll-free)
http://www.hgfound.org

Cohen, Pinchas, et al. “Effects of Dose and Gender on the
Growth and Growth Factor Response to GH in GH-
Deficient Children: Implications for Efficacy and
Safety.” Journal of Clinical Endocrinology € Metabolism
87, no. 1 (2002): 90-98.

Drake, W. M., S. J. Howell, and S. M. Shalet. “Optimizing
GH Therapy in Adults and Children.” Endocrine
Reviews 22, no. 4 (2001): 425-450.

growth hormone deficiency (GHD) A condition
that exists when the pituitary gland fails to produce
sufficient growth hormone, either due to a primary
pituitary lesion or a problem with the hypothala-
mus. When GHD occurs in children, growth failure
and short stature occur.

All humans, including even elderly adults,
require some level of growth hormone to function
at optimal levels. Growth hormone (GH) helps to
maintain normal protein synthesis and thus helps
maintain normal muscle and bone mass. Adults
with GHD have decreased muscle mass and
increased fat mass. They have poor lipid profiles,
low high-density lipoprotein (HDL) levels, and
high low-density lipoprotein (LDL) levels. These
persons also appear to have increased mortality
from cardiovascular causes.

Measurements of heart function are improved
with GH replacement therapy. In addition, markers
of endothelial inflammation, such as C-reactive
protein, are higher in patients with GHD than in
controls. Adults with GHD have more psychologi-
cal distress and depression that seems to decrease
when their GH is replaced. Thus, even in adults,
GHD can be treated with recombinant subcuta-
neous growth hormone.

The cells that make GH in the anterior pituitary,
the somatotrophs, are perhaps the most sensitive to
damage. The causes of deficiencies in all of the

other pituitary hormones can also cause growth
hormone deficiency. However, isolated GH defi-
ciency can also occur. Thus, in adults, the causes of
GHD include trauma, vascular accidents, surgery
(for trauma, pituitary tumors, or other tumors),
and radiation therapy.

Diagnosis

Growth hormone deficiency should be suspected in
all patients with pituitary failure or pituitary
tumor. The usual screening test is a measurement
of fasting levels of insulin-like growth factor 1
(IGE-1). If this level is abnormally low, further test-
ing can be performed to attempt to stimulate the
anterior pituitary gland to produce GH. Typically,
drugs such as clonidine, L-dopa, growth hormone-
releasing factor (GHRH or GHRF), and the amino
acid L-arginine can be used.

The gold standard test for growth hormone defi-
ciency is the insulin tolerance test. In this test, a
graded amount of intravenous insulin is given to
induce hypoglycemia purposely. Growth hormone
is one of the counterregulatory hormones, and the
anterior pituitary should produce increased levels
of growth hormone in response to the induced
hypoglycemia. A lack of this response would indi-
cate GHD. This test is typically done in an outpa-
tient area of the hospital or may be done in an
endocrinologist’s office. It must be performed with
caution, however, especially among patients who
may be at risk for heart problems. Hypoglycemia
could provoke angina or even a heart attack in a
person with pituitary insufficiency or even an iso-
lated growth hormone deficiency.

Treatment

Growth hormone deficiency in adults can be treat-
ed with the use of daily recombinant growth hor-
mone via subcutaneous injection. The doses used
are often less than those used to treat children with
growth hormone deficiency and short stature.
Progress is monitored by evaluating the patient’s
sense of well-being, muscle and fat mass, IGF-1
levels, bone density, and other parameters.

GHD treatment among adults is controversial. As
of this writing, experts feel that not all adults with
GHD should be treated. However, treatment is cer-
tainly a consideration in patients with GH deficiency.
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Each case should be evaluated by the patient’s pri-
mary care physician, in conjunction with an
endocrinologist, to determine what is best for the
individual.

Overtreatment with growth hormone can lead
to signs and symptoms of acromegaly and a wors-
ening of diabetes. In patients with previous malig-
nancies, the wuse of growth hormone is
controversial and typically is not used.

See also DELAYED PUBERTY, DWARFISM; GROWTH
HORMONE.
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gynecomastia The benign enlargement of the
male breasts, which may be painful, and may be
caused by a hormonal imbalance or by hormone
therapy, such as that taken to combat advanced
prostate cancer. Gynecomastia is the development
of true breast tissue that extends out from the
nipple. It must often be differentiated from
pseudogynecomastia, which is often secondary to
obesity, and is a condition of increased fatty
deposits in and around the nipple area, suggesting
the appearance of gynecomastia.

If gynecomastia is suspected, the physician must
first be sure that it is not male breast cancer, which
does occur. If the tissue is hard and nonmovable,
the patient generally needs a mammogram and a
surgical consultation for a biopsy and/or excision.

Gynecomastia is sometimes seen in newborns
for two to four weeks, as they have been exposed
to high levels of circulating estrogens from the

mother. It can also be seen in pubertal teenage boys
and is transient.

As a true pathological condition, gynecomastia
is most common in men ages 50 and older. It can
affect one or both breasts. The hormonal causes
typically involve a disruption of normal hormone
balance. There are generally below-normal levels
of male hormone (androgen) production or
increased female hormones (estrogen). These hor-
mones are synthesized in both the male testes and
the adrenal glands. Thus, in men, primary or sec-
ondary gonadal (testicular) failure, hyperthy-
roidism, and hormonal enzyme abnormalities
(increased aromatase activity) may each lead to the
development of gynecomastia.

Tumors of the testes (germ cell/Leydig’s
cell/Sertoli’s cell tumors), adrenal tumors (benign
adenomas and carcinomas), and tumors elsewhere
can also cause gynecomastia. Severe liver disease,
kidney failure, and starvation can lead to gyneco-
mastia. Multiple drugs can also cause gynecomas-
tia, including but not limited to estrogens,
antiandrogens (used to treat cancers), antiulcer
drugs (cimetidine, ranitidine, and omeprazole),
alcohol, narcotics, marijuana, digtoxin, some
angiotensin-converting enzyme (ACE) drugs, and
spironolactone. Some syndromes, such as
Kallmann’s syndrome, as well as rare tumors and
enzyme deficiency disorders can also lead to
gynecomastia. Gynecomastia is very common
among males with KLINEFELTER SYNDROME.

Treatment is aimed at removing the stimulus
that led to the breast development. Treatment of
the underlying cause will often resolve the gyneco-
mastia. For example, when males with Klinefelter
syndrome are treated with testosterone replace-
ment therapy, the gynecomastia often abates. If
treatment is impossible and the breast tissue is
uncomfortable or cosmetically disturbing, mastec-
tomy surgery may be performed.

See also HORMONES; HYPOGONADISM.

Braunstein, G. D. “Diagnosis and Treatment of
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no. 10A (1993): 37-46.



Hashimoto’s thyroiditis An autoimmune form of
hypothyroidism in which the immune system
attacks the thyroid gland. This disorder is also
known as chronic thyroiditis, chronic lymphocytic
thyroiditis, struma lymphomatosa, lymphadenoid
goiter, and autoimmune thyroiditis.

Hashimoto’s thyroiditis is the most common
cause of below-normal thyroid levels in areas of the
world with adequate iodine in the diet. In countries
where there is inadequate iodine in the diet, it is the
iodine deficiency that causes the hypothyroidism
(without iodine, thyroid hormone cannot be pro-
duced naturally). Hashimoto’s thyroiditis is a slow-
ly progressive form of thyroid failure that may or
may not be associated with a GOITER. Other variants
of Hashimoto’s thyroiditis are painless lymphocytic
thyroiditis or postpartum thyroiditis, both of which
can progress to HYPOTHYROIDISM that is indistin-
guishable from Hashimoto’s thyroiditis.

Japanese physician H. Hashimoto first described
Hashimoto’s thyroiditis in 1912. Other researchers
subsequently identified the specific autoimmune
antibodies causing the condition in 1956.

Risk Factors

There is a genetic predisposition to Hashimoto’s
thyroiditis. In addition, individuals with other
autoimmune conditions, such as GRAVES’ DISEASE
and TYPE 1 DIABETES, have an increased risk for
developing Hashimoto’s thyroiditis, as do individu-
als with TURNER SYNDROME and Down syndrome.
Women have a five to 10 times greater risk than
men of developing the disease, and women
between the ages of 50 and 60 years are the most
at risk. Hashimoto’s thyroiditis occurs in up to 5
percent of adults in the United States and other
developed countries. Sometimes the disease is
linked to a familial predisposition. An estimated 50

percent of first-degree relatives (parents and sib-
lings) of individuals with Hashimoto’s thyroiditis
also have thyroid autoantibodies and may develop
the disease.

Often the patient is not diagnosed for years after
the onset of Hashimoto’s thyroiditis. This occurs
because the initial symptoms are subtle and can be
easily confused with those of many other conditions.

Graves’ disease is another autoimmune thyroid
disease, but it causes HYPERTHYROIDISM (excessive
levels of thyroid) rather than hypothyroidism.
Individuals who have Hashimoto’s thyroiditis usu-
ally have the symptoms and signs of hypothy-
roidism, although some individuals have no
symptoms until the disease is more advanced.
When symptoms are present, they may include
some or all of the following:

¢ Cold intolerance

¢ Slowed movements

e Lethargy/fatigue

¢ Unexplained weight gain

e Constipation

e Presence of a goiter

e Dry skin

e Heavy menstrual periods or irregular periods
¢ Greater difficulty with thinking

¢ Joint stiffness/muscle aches and cramps
¢ Brittle nails and dry, coarse hair

In almost all cases of Hashimoto’s thyroiditis,
with or without the presence of a goiter, the
changes in the thyroid are painless. If pain occurs,
the physician must consider other diagnoses, such
as subacute thyroiditis or de Quervain’s thyroiditis.
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Diagnosis and Treatment

Physicians who suspect the presence of Hashimoto’s
thyroiditis will order laboratory tests of thyroid
functioning, including a free T4 test and a serum
thyroid-stimulating hormone (TSH) test. These tests
will reveal if the patient is hypothyroid. Generally,
an elevated TSH serum level and a low-normal or
below-normal free T4 level indicate hypothy-
roidism.

If early enough in the course of the disease, a
blood test can measure the levels of antibodies to
peroxidase, antiperoxidase, or anti-thyroid peroxi-
dase (TPO) antibodies. Peroxidase is an important
enzyme in the thyroid gland. It is the protein to
which the immune system reacts in some cases.
Thus, the anti-TPO antibodies damage the thyroid
by attacking the enzyme and causing hypothy-
roidism. Why the enzyme is attacked is unknown.
This is a much more specific test than previously
used to measure antimicrosomal antibodies and
antithyroglobulin antibodies. If the process has
gone on for a long time, the level of these antibod-
ies may be quite low.

The anti-TPO antibody test is not 100 percent
specific for Hashimoto’s thyroiditis, as these anti-
bodies can also be detected in other forms of thy-
roiditis as well as Graves’ disease. However, if the
cause of the hypothyroidism is not primary (due to
destruction of the thyroid gland) but is secondary
or tertiary, as in PITUITARY FAILURE or hypothalamic
dysfunction, patients will have low levels of free T4
and inappropriately normal or low levels of TSH.

Patients with the presence of anti-TPO antibod-
ies will progress to overt Hashimoto’s thyroiditis at
the rate of about 5 percent per year. If a technetium
thyroid scan is done, patchy or heterogeneous
uptake is typically seen. Usually iodine uptake
studies are not ordered, however, as the blood tests
are usually sufficient to confirm the diagnosis.

Because the thyroiditis or inflammation in the
thyroid gland occurs at different rates in different
areas, the gland may feel as if there are nodules
present. On ultrasound examination, nodules may
be seen. Hashimoto’s thyroiditis can coexist with
many other forms of thyroid dysfunction. A signif-
icant number of patients who first develop Graves’
disease can go on to develop Hashimoto’s thyroidi-
tis later. This can also happen in the reverse

sequence (Graves’ disease first, then Hashimoto’s
thyroiditis later) but is much more rare.

Patients with Hashimoto’s thyroiditis are usual-
ly treated with levothyroxine in a dose that is suf-
ficient to maintain normal functioning. However, if
there is no indication of hypothyroidism (in a
patient who has antiperoxidase antibodies and nor-
mal thyroid function tests), doctors may instead
follow the patient on a regular basis. Ultimately,
the patient will need to take levothyroxine as the
disease progresses further.

Endocrinologists will usually treat all of the fol-
lowing patients: those who have an abnormal TSH
level, those with a borderline TSH level and no
symptoms, those with an enlarged thyroid with the
presence of antibodies, and also sometimes those
patients with coexisting nodules even with normal
thyroid function.

In rare cases, patients will need surgery because
of the compression of the trachea caused by a goiter.

See also THRYOID BLOOD TESTS; THYROIDITIS.
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hermaphroditism Very unusual condition in
which both male and female sex organs are present
at birth. In one example of such a condition, Dr.
Eric M. Pachter and his colleagues described a “true
hermaphrodite” in a 1998 issue of Urology. The
newborn child had an XX karyotype (normal males
have both an X and a Y chromosome). The child
had a vagina, partial uterus, and tissue that resem-
bled an ovary as well as such male body parts as a
vas deferens, spermatic cord, and an intrascrotal
testicle. Because of the XX karyotype, the female
gender was assigned to the child, and the doctors
performed a right orchiectomy (removal of the tes-
ticle). Feminizing genital surgery was planned for
the future. The doctors also noted that patients
such as this child have potential for future fertility.
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In past years, parents were advised to raise the
child with hermaphroditism as a female. Some
children who were raised as females but never told
about their hermaphroditism eventually chose to
assert their masculine identities. The malleability of
male/female identity may have more to do with
DNA than with environmental influences, even
when the child has inherited both sexual charac-
teristics.

Currently, some experts suggest delaying the
gender choice in children with hermaphroditism
until the child is at least two years old, while oth-
ers believe the decision should be delayed until the
child is old enough to participate in the decision. (It
is difficult to understand how the gender choice
could be delayed much beyond early childhood
since gender identities are important, even to small
children.)

According to Steven E. Lerman and his col-
leagues in an article on ambiguous genitalia in chil-
dren, “Sexual identity is thought to be largely a
conditioning process that is firmly established by 2
years, 6 months of age. For this reason, any
attempt to change the sex of rearing beyond this
age should be undertaken only when the initial sex
assignment has clearly been wrong, and psychiatric
assessment unequivocally indicates that sex reas-
signment is in the best interest of the child; ongo-
ing psychiatric support may be necessary.” The
doctors also noted that when gender reassignment
occurs at an age older than two-and-a-half years,
there is a greater risk of maladjustment.

See also HYPOGONADISM; KLINEFELTER SYNDROME.
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hirsutism in women The excess growth in
women of the stiff, pigmented hairs that are nor-
mally found in males in areas that are androgen
dependent, such as on their face, chest, and on the
abdomen. These hairs are known as terminal hairs.

Some experts estimate that as many as 10 percent
of all women in the United States have experienced
hirsutism at some point in their lives.

Hirsutism in women is usually caused by an
endocrine disorder. Women normally have some
male hormones, and hirsutism is caused by exces-
sive amounts or overactivity of male hormones
(androgens). This overproduction may stem from
the ovaries or the adrenal glands. Rarely, it may be
caused by tumors of these glands. Hirsutism is com-
monly seen in patients with polycystic ovary syn-
drome (PCOS). It is also sometimes seen in patients
with congenital adrenal hyperplasia.

Hirsutism can also be caused by an excessive
intake of exogenous androgens, as is sometimes
seen among female bodybuilders.

The excessive activity of the 5-alpha reductase
enzyme at the hair follicle, which causes the con-
version of testosterone to dihydrotestosterone, may
be responsible for the hirsutism.

Women who are Asian or Native American
rarely develop hirsutism, while women whose
families stem from the southern Mediterranean are
more likely to develop the problem. Patients with
hirsutism may be treated with medications, such as
ORAL CONTRACEPTIVES, that decrease the level of
androgens. The symptoms may also be treated with
electrolysis hair removal as well as with cosmetic
creams.

See also ACROMEGALY; ANDROGEN EXCESS; CON-
GENITAL ADRENAL HYPERPLASIA; INFERTILITY; POLYCYS-
TIC OVARY SYNDROME.

homocysteine An intermediary amino acid
formed when methionine is converted to cysteine.
HOMOCYSTINURIA or severe hyperhomocystinuria is
a rare autosomal recessive organic aciduria (acid in
the urine) that is typically diagnosed in infancy,
causing failure to thrive and developmental delays,
premature severe ATHEROSCLEROSIS, eye problems,
and OSTEOPOROSIS. Homocysteine has direct effects
that accelerate atherosclerosis and clotting.
Depending upon the population that is tested, the
range of homocysteine can vary from about 5-15
micromoles per liter.

Mild-to-moderate elevations of homocysteine
occur in about 6 percent of the population in the
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United States and are an independent risk factor for
atherosclerosis and venous thromboembolic phe-
nomenon. Deficiencies of folic acid, vitamin B12,
or vitamin B6 can lead to increased levels of homo-
cysteine. Homocysteine levels will decrease in most
patients as oral folate intake is increased to the
level of 400 mcg per day.

In one trial, 158 healthy siblings of 167 patients
with premature atherosclerosis were given 5 mg of
folic acid and 250 mg of vitamin B6 daily. In these
patients, the homocysteine levels decreased from
14.7 to 7.4 micromoles per liter.

A number of retrospective studies have shown
that the patients with the highest homocysteine
levels had the greatest risk of developing ischemic
heart disease and stroke. In addition, in other ret-
rospective studies, increased levels of homocys-
teine appear to be related to an increased risk of
venous blood clots and pulmonary embolism. In
women, increased levels are associated with
preeclampsia, fetal growth problems, stillbirths,
and delivery complications.

As of this writing, a large number of prospective
studies are being conducted to determine if supple-
menting the diet with folic acid and vitamins B6
and B12 will decrease homocysteine levels and,
more importantly, decrease the risk of atheroscle-
rosis complications.

Many physicians now recommend a minimum
supplementation of 400 mcg of folate, 3-10 mg of
vitamin B6, and 10-100 cg of vitamin B12 for a
general risk reduction.
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homocystinuria A hereditary disorder that
affects the metabolizing of methionine, an amino
acid. Newborns with homocystinuria may appear
to have mild developmental delays or FAILURE TO
THRIVE. As the condition progresses further, the
patient may resemble a person with MARFAN’S SYN-
DROME because of the characteristic tall and slender
build with disproportionately long legs and long,
thin fingers.

Homocystinuria can lead to blood clots that are
dangerous because they can travel to the brain and
cause a stroke. The condition may also lead to poor
vision and even to double vision.

Diagnosis and Treatment

If physicians suspect that a patient has Marfan'’s syn-
drome, they should also screen for homocystinuria.
X-rays will show that the patient with homocystin-
uria has OSTEOPOROSIS. An examination by an oph-
thalmologist (eye doctor) will usually show that the
patient has both a dislocated lens (typically, the lens
is dislocated downward rather than upward, as is
seen in Marfan’s syndrome) and nearsightedness.
Children with homocystinuria may have glaucoma,
cataracts, and retinal detachment, all eye diseases
that are abnormal among children.

Laboratory tests of the blood and urine will show
elevated levels of homocystine and methionine in
patients who have homocystinuria. If a liver biopsy
and enzyme assay are performed, they will show
the lack of cystathionine beta synthase, an enzyme.
A biopsy of the skin will show the absence of
cystathionine beta synthase and folate-related
enzyme levels in fibroblasts among patients with
homocystinuria. These enzymes can also be meas-
ured in blood cells.

If homocystinuria is diagnosed, there is no cure
for this condition. Despite this, many patients
respond well to high doses of pyridoxine (vitamin
B6). If the patient is an infant or young child, a low
methionine diet may help to prevent the child from
becoming mentally retarded and from developing
other aspects of the disease as it progresses. Some
states screen newborn infants for homocystinuria
so that they can be treated promptly if the condi-
tion is present.
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hormone replacement therapy (HRT) Typically
refers to the combined use of estrogen and proges-
terone in women who are estrogen deficient and
who still have an intact uterus. In women without
a uterus who have had natural or surgical
MENOPAUSE, only estrogen is required, and this
replacement therapy is referred to as estrogen
replacement therapy (ERT). Hormone replacement
therapy may also refer to any use of one or more
hormones to replace an existing deficiency.

In the late twentieth century, many physicians
routinely placed postmenopausal women on either
HRT or ERT when they experienced any symptoms
of menopause, most notably HOT FLASHES. Sometimes
even when women experienced few or no
menopausal symptoms, physicians placed women on
hormones because it was believed that such treat-
ment would be beneficial to women’s health.
However, studies released in the early twenty-first
century revealed that HRT was riskier than was pre-
viously known and that it carried an increased risk
for women developing breast cancer, heart disease,
and other illnesses. As a result, many physicians
began limiting the use of HRT, and many women also
voluntarily chose to stop taking the drugs.

One of the key studies that revealed health risks
of hormone therapy, the Women'’s Health Initiative,
was ended early in 2002 because of its findings. In
this study, researchers followed more than 16,000
women taking estrogen/progestin combination
(Prempro) combination therapy for five years. The
researchers found that the women taking hormone
therapy faced a significantly greater risk of develop-
ing breast cancer as well as an increased risk for
developing a stroke and heart attack. The women
experienced a lower than expected rate of colorec-
tal cancer and fewer fractures, but these apparent
protective factors were insufficient to justify the
higher risks of developing other diseases.

Some women have continued with HRT because
it rids them of distressing menopausal symptoms
such as hot flashes, vaginal dryness, and insomnia.
An analysis of 21 double-blind, randomized, placebo-
controlled clinical studies of 2,511 women showed
that hormone replacement therapy decreased hot
flashes in women by 77 percent compared with
placebo.

In both the Women’s Health Initiative and the
Heart and Estrogen/Progestin Replacement (HERS)
study, hormones were not found to offer either pri-
mary or secondary protection against coronary
artery disease. Thus, in 2004, most physicians will
consider the use of HRT in menopausal women for
unremitting vasomotor symptoms only. They will
also use the lowest possible dosages for the shortest
possible period of time. Both osteoporosis and
coronary heart disease can be prevented and treat-
ed with multiple other agents with fewer adverse
effects than HRT.

Some women have chosen to try “natural”
remedies, such as supplements of vitamin E, soy,
black cohosh, and other options for their
menopausal symptoms. Women should also discuss
such supplements and medications with their
physicians in advance to ensure they would experi-
ence no adverse effects from combining such drugs
with other medications that they already take.

See also ESTRADIOL; ESTROGEN; ESTROGEN
REPLACEMENT THERAPY; HORMONES.
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hormone resistance The inability of the body to
use properly some or all of the hormones that are
naturally produced by the body. This resistance
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may be partial or complete. The essential feature of
Type 2 diabetes is resistance to the effects of insulin
secreted by the pancreas. Patients with Type 2 dia-
betes have structurally normal insulin receptors
and near-normal numbers of receptors, yet these
receptors do not function properly.

In some syndromes, patients have abnormal
receptors or sometimes make none at all. In FAMIL-
IAL HYPERCHOLESTEROLEMIA, patients lack the recep-
tors to bind and thus to metabolize low-density
lipoproteins (LDL).

Most hormonal systems exist in a balance in
which the number and activity of receptors can
adjust to the amount and activity of the hormone
that is available.

See also HORMONES.

hormones Substances secreted by the endocrine
glands that send chemical messages through the
bloodstream, usually causing an action. Some
examples of hormones are thyroxine (produced by
the thyroid gland); adrenaline, aldosterone, and
cortisol (produced by the adrenal gland); insulin
(produced by the beta cells in the pancreas); testos-
terone (produced by the testicles); and estrogen
(produced by the ovaries).

Typically, these hormones exert their effects at
places distant from where they are produced. For
example, one endocrine effect is that insulin goes
from the pancreas to affect muscles and cells
throughout the body. Hormones can also exert
paracrine effects. For example, insulin produced in
the beta cells of the pancreas also has effects on the
adjacent alpha and delta cells. The word endocrine
implies a secretion into the blood and movement of
the secretion to another area. In contrast, paracrine
refers to secreting directly into the surrounding
cells or tissue without going into the systemic cir-
culation—it is a local effect.

When the body produces an inadequate amount
or none of the needed hormone, supplements can
often be taken. For example, people with Type 1
diabetes are lacking in insulin, and they can take
supplemental insulin. Individuals who are
hypothyroid can take supplemental thyroid drugs,
such as levothyroxine.

Some women who are menopausal take ESTRO-
GEN REPLACEMENT THERAPY (ERT), although the

risks and benefits should be carefully considered
beforehand. Men who are low in testosterone may
consider testosterone replacement therapy.
Individuals who are low in parathyroid hormone
usually take both supplemental calcium and cAL-
CITRIOL.

According to the National Center for Health
Statistics, the number of hormones prescribed in
the United States increased by 25 percent from
1997-2000. This may be due in large part to an
aging population that is more likely to need hor-
mones to treat diabetes, hypothyroidism, and
declining levels of testosterone or estrogen.
However, because of concern over hormone
replacement therapy for women, increases of hor-
mone prescriptions may flatten out despite the
aging population.

See also ALDOSTERONE; CORTISOL; ESTROGEN;
GROWTH HORMONE; INSULIN; LEVOTHYROXINE; TESTOS-
TERONE.

hot flashes A generic description of a symptom
complex that includes a sudden onset with a sen-
sation of increased body temperature (generalized
or focal) at times associated with sweating, facial
flushing/blushing, and a generalized sense of dis-
comfort and/or anxiety. Hot flashes may last for
seconds and rarely last longer than a few minutes.

The hot flash is also known as a hot flush or as
vasomotor instability and may have its onset in the
perimenopausal period or in MENOPAUSE. Experts
believe that it represents true thermoregulatory
dysfunction. The areas of the brain that control
heat regulation are actually located in the hypo-
thalamus near an area that contains a large num-
ber of nerves containing gonadotropin-releasing
hormone (GNRH).

Interestingly, hot flashes are not seen in women
with TURNER SYNDROME who have never been
treated with estrogens. Some experts hypothesize
that the cause of the hot flashes may be decreased
central opioid activity.

Women who have undergone the complete sur-
gical removal of their ovaries also experience hot
flashes. These hot flashes are often more severe
than those among women who are experiencing
the hot flashes of menopause. This occurs because
natural menopause involves a steady decline in
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estrogen, while the surgical removal of the ovaries
causes a sudden shutdown of estrogen production.

Hot flashes are often experienced in the
evening, causing difficulties with sleep, although
they may occur at any time. Hot flashes may be
minor and tolerable, or they may be extreme, wak-
ing women from a deep sleep and finding them-
selves bathed in sweat and with a rapid heartbeat.
Chills sometimes follow hot flashes, and the
woman who had thrown off all her bed covers will
suddenly need extra blankets. This can be a difficult
experience not only for the woman but also for
anyone sharing her bed.

Diagnosis and Treatment

Hot flashes are usually diagnosed based on the
woman’s report of her signs and symptoms. If
menopause is suspected, measurement of both her
FOLLICLE-STIMULATING HORMONE (FSH) and ESTRADI-
oL levels may be helpful.

Women seeking medical assistance from their
physicians to overcome their hot flashes will usual-
ly be informed about hormone replacement thera-
py (HRT) medications, which are a combination of
estrogen and progesterone, and estrogen replace-
ment therapy (ERT), which is the administration of
estrogen only. ERT is generally prescribed only for
women who have undergone complete hysterec-
tomies (removal of both the uterus and the
ovaries), because estrogen may increase the risk for
uterine cancer as well as ovarian cancer.
Fortunately, very small doses of estrogens will usu-
ally treat and/or prevent hot flashes.

If estrogen supplementation alone does not help
or the patient is unable to tolerate estrogens, other
drugs may provide relief. Clonidine, a drug used
mainly to lower blood pressure, can decrease hot
flashes by as much as 80 percent. However, cloni-
dine can cause low blood pressure (with dizziness
and light-headedness), dry mouth, and sleepiness
or sedation.

The antidepressant drugs Effexor and Effexor-
XR (venlafaxine), Paxil and Paxil-CR (paroxetine),
and Prozac (fluoxetine) have been shown to
decrease hot flash activity significantly. Another
medication, Neurontin (gabapentin), has been
shown to decrease hot flashes by 45 percent in a
12-week trial. The data is much more limited for
nonprescription supplements.

Until about 2002, many doctors routinely pre-
scribed both HRT and ERT to menopausal woman.
However, major clinical studies have shown that
the risks of some diseases, such as breast cancer,
myocardial infarction (heart attack), and stroke
may be increased in women taking these medica-
tions. Some doctors also believe that taking HRT or
ERT for a certain period of time, such as several
years, is acceptable but that they should not be
taken for the rest of a woman’s life.

Some women take supplements to deal with
their hot flashes, such as vitamin E, black cohosh,
soy products, and other remedies whose manufac-
turers purport that their products can help to man-
age menopausal symptoms. However, women who
are considering taking any supplements should first
discuss this issue with their physicians, despite the
fact that some of these supplements are not pre-
scription drugs. The reason for this is that some
alternative medications may not work well with
the other drugs that a woman takes. Consequently,
supplements may either weaken the other medica-
tions or boost their effect. Either action can be
problematic to an individual.

Some women prefer to avoid taking ERT, HRT,
or supplements altogether. They may be comforted
to know that the hot flashes of menopause gener-
ally abate over time as the body adjusts and usual-
ly end altogether within about two to five years.

See also ESTROGEN REPLACEMENT THERAPY; HOR-
MONE REPLACEMENT THERAPY.

human growth hormone See GROWTH HORMONE.

hypercalcemia Excessively high levels of calcium
in the bloodstream. Most experts define hypercal-
cemia as blood calcium levels that are greater than
10.5 mg/dl (8.5-10.5 mg/dl is the normal range).
Blood levels greater than 12.0 mg/dl may represent
a medical emergency requiring immediate medical
treatment.

Because symptoms are not usually apparent
unless hypercalcemia is severe and has also caused
prolonged damage, the condition is often not sus-
pected by physicians. Instead, it is often detected
serendipitously when a patient has a blood profile
drawn for a routine physical examination or for
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other purposes. This eventuality has become less
common, however, as Medicare and many man-
aged care organizations will no longer pay for rou-
tine profiles and screening.

Many laboratories now measure blood levels of
ionized calcium. This is a far more accurate meas-
urement than the total serum calcium level. Total
calcium levels and ionized calcium levels are best
measured in the early morning when the patient
has fasted, with no food or drink other than water
for the prior 10-12 hours.

Laboratory errors commonly occur. This is why,
in the case of a person who was not previously diag-
nosed with hypercalcemia, it is crucial to repeat the
test two or even three times and also to confirm an
elevated total blood calcium level with an ionized
calcium level. Using the ionized calcium level as the
gold standard removes the issue of a falsely elevat-
ed calcium level due to increased or abnormal bind-
ing proteins. When total calcium is assayed, it
measures calcium bound to proteins, mainly albu-
min and globulins. Thus, if the patient has abnor-
mal levels of these proteins, he or she may also
appear to have an abnormal calcium level.

A less common form of hypercalcemia is known
as FAMILIAL HYPOCALCIURIC HYPERCALCEMIA (FHH).
This condition can sometimes be mistaken for pri-
mary hyperparathyroidism. In this syndrome, the
patient’s body does not sense calcium levels prop-
erly, which results in higher-than-normal calcium
levels in the blood but also in low levels of calcium
in the urine. Patients suffer no ill effects and do not
require any treatment. As the name implies, famil-
ial hypocalciuric hypercalcemia runs in families.
Once one person in a family is found with it, oth-
ers should also be screened to avoid being misdiag-
nosed with another illness at a later date.

Signs and Symptoms
Most people with hypercalcemia are asymptomatic.
Thus, most cases of hypercalcemia are found by
chance. If the calcium level rises sufficiently, how-
ever, it can cause symptoms such as increased uri-
nation during the day (polyuria) or at night
(nocturia). Hypercalcemia is also associated with
such symptoms as constipation, vague abdominal
pain (on rare occasions, due to PANCREATITIS), mus-
cle weakness, lethargy, fatigue, and a variety of

other nonspecific symptoms that often lead
patients to seek the counsel of their physicians. At
its most severe, hypercalcemia may cause cognitive
problems and even coma.

When hypercalcemia persists for a long period of
time, depending upon its cause, it may lead to the
development of kidney stones (known as
nephrolithiasis/urolithiasis) and/or to OSTEOPOROSIS.
Hypercalcemia due to primary hyperparathyroidism
leads to bone loss because the excess parathyroid
hormone in the blood stimulates the extraction of
calcium from the bone into the bloodstream, which
is then lost into the urine because it overwhelms the
kidneys’ ability to conserve this calcium.

Osteoporosis is an asymptomatic disease of
bone loss until there is a bone fracture. With long-
standing hypercalcemia caused by primary hyper-
parathyroidism (excessive levels of parathyroid
hormone), a patient may develop multiple verte-
bral fractures with pain and with kyphosis or
dowager’s hump. Rarely, a deposit of calcium in
the eye (band keratopathy) or tongue fascicula-
tions (tiny involuntary muscle contractions that
cause the muscle to quiver) can also be noted in
patients with hypercalcemia.

Causes of Hypercalcemia

Primary hyperparathyroidism is the most common
medical ailment leading to elevated blood calcium
levels. This diagnosis represents the cause of about
70-90 percent of hypercalcemia in outpatients and
20-30 percent among hospitalized patients.
Primary hyperparathyroidism has a prevalence of
about one in every 2,000-3,000 people.

Medical students are taught the phrase, “stones,
moans, bones, and groans” to describe the key ele-
ments of hyperparathyroidism. This refers to kid-
ney stones (stones) and the pain that they cause
(moans), the osteoporosis (bones), and the poten-
tial FRACTURES (groans) that may occur.

The most common type of hyperparathyroidism
itself is caused by a single benign growth of one of
the parathyroid glands, a parathyroid adenoma.
However, the disease can also be caused by hyper-
plasia (a benign growth of all four of the parathyroid
glands) and, rarely, by a parathyroid carcinoma.

Many types of CANCER can cause hypercalcemia,
and as many as half of all hospitalized patients with
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hypercalcemia have cancer. (Hyperparathyroidism
and cancer together account for about 90 percent
of all causes of hypercalcemia.) When a cancerous
tumor is identified as the cause of hypercalcemia, it
is classified as either a humoral hypercalcemia of
malignancy (HHM) or as a non-HHM case.

Many diseases in which the body forms granu-
lomas can lead to hypercalcemia. A granuloma
refers to a specific clustering of white blood cell
monocytes that have gone into various body tissues
and have become tissue macrophages. This may
occur in diseases such as tuberculosis, sarcoidosis,
and histoplasmosis.

Other medical problems can sometimes cause
hypercalcemia. Hyperthyroidism (overactive thy-
roid) from any cause can lead to mild hypercal-
cemia as can simple immobilization (bed rest),
although this is typically seen only in young
patients (such as an adolescent with paraplegia due
to a car crash). Inflammatory diseases may also
sometimes cause hypercalcemia. Even silicone
implants may sometimes induce the condition.

Rare causes of hypercalcemia include ADDISON’S
DISEASE, PHEOCHROMOCYTOMA, PAGET’S DISEASE, sar-
coidosis, and rhabdomyolysis.

Sometimes medications that are taken for other
medical problems can lead to the development of
hypercalcemia. For example, drugs such as thiazide
diuretics (hydrochlorothiazide) and lithium may
cause mild cases of the condition. Excessive doses
of theophylline, taken for asthma, can also lead to
hypercalcemia, as can the use of tamoxifen, which
is given to women with breast cancer and bone
metastases. Retinoic acid given to cancer patients
may also lead to the condition.

There are other causes of hypercalcemia. For
example, an ingestion of excessive calcium and/or
VITAMIN D can also lead to this condition. Years ago,
before more potent drugs such as the histamine
2-blockers and proton pump inhibitors were avail-
able to patients with heartburn, dyspepsia, and
ulcers, these medical problems were often treated
with large doses of calcium-containing antacids.
Many of these patients subsequently developed
what was known as MILK-ALKALI SYNDROME with
hypercalcemia. Now this syndrome is not seen fre-
quently, although it can occur among patients who
chronically use calcium-containing antacids. (Such

patients should consult with a gastroenterologist to
find out the underlying cause of their digestive dis-
order.)

Individuals who take very high levels of other
vitamins, such as vitamin A, may also induce
hypercalcemia.

Treatment of Hypercalcemia

Typically, the treatment of hypercalcemia is aimed
at the underlying cause, once it has been identified.
However, if the hypercalcemia is severe and has led
to DEHYDRATION and mental status changes in the
patient, then hospitalization and immediate treat-
ment is usually needed. Hospitalized patients with
hypercalcemia are usually given intravenous fluids
in the form of normal saline (0.9 percent sodium
chloride solution, which is basically salt water).
They are also often given a loop diuretic such as
furosemide (Lasix) and an intravenous BISPHOSPHO-
NATE medication, usually pamidronate (Aredia).

Patients with hypercalcemia may also be given
steroid medications, such as prednisone. CALCI-
TONIN may also be added to the therapy if the other
medications fail or if the patient has pain that is
secondary to a fracture. Calcitonin will decrease
the patient’s blood calcium levels. Often physicians
treat patients with a combination of medications.

Once the patient has stabilized from an emer-
gency condition, doctors seek to ide