
Osteoporosis is the most common bone disease. It is a major
risk factor for fracture, which leads to considerable morbidity,
mortality, and expense.1 Osteoporosis is a global problem that
will increase in significance
with the growing elderly popu-
lation. The condition affects
both sexes and all races, albeit
to different degrees. Bone loss
occurs during the normal aging
process. Primary osteoporosis
results from the involutional
losses associated with aging
and, in women, with additional
losses related to natural
menopause. Secondary osteo-
porosis results from other disor-
ders or medication exposures; it
most commonly is found in pre-
menopausal women and in
men,2 although it is not limited to these groups. As many as 30%
of postmenopausal women with osteoporosis have been found to
have other conditions that may have contributed to their bone
loss.3 It is important to know the major etiologies and be familiar
with the diagnostic investigations in patients suspected of having
secondary osteoporosis.

Many therapeutic options now are available to prevent and
treat osteoporosis, and consist of non-drug and drug or hormon-
al therapy. In just one decade, osteoporosis has been transformed
from a disorder considered to be an inevitable and irreversible

consequence of aging to a disorder in which there now is true
therapeutic optimism. Besides calcium and vitamin D, many
agents such as sex steroids, calcitonin, bisphosphonates, and,

recently, teriparatide can be
used in these patients. 

This article will discuss the
definition, epidemiology, and
different causes of osteoporosis.
Diagnostic studies, including
bone densitometry, will be
reviewed as well as the various
therapies.

—The Editor

What Is Osteoporosis?
As defined by the Consen-

sus Development Conference
(CDC), osteoporosis is “a dis-
ease characterized by low bone

mass and microarchitectural deterioration of bone tissue, leading
to enhanced bone fragility and a consequent increase in fracture
risk.”4 Osteoporosis also was defined operationally by the World
Health Organization (WHO) in 1994 as a femoral neck bone
mineral density (BMD) value 2.5 standard deviations or more
below the mean for normal white women, or a T score of -2.5.
The National Osteoporosis Foundation (NOF) uses the same cri-
teria to define osteoporosis (www.nof.org). The increasing avail-
ability of bone densitometry (DXA) has allowed this definition to
be used to assess the prevalence of osteoporosis around the

Volume 10, Number 4 April 2004

EDITOR IN CHIEF
Gregory R. Wise, MD, FACP
Associate Professor of Medicine
Wright State University
Dayton, Ohio;
Vice President, Medical Affairs
Kettering Medical Center
Kettering, OH

MANAGING EDITOR
Allison Mechem

EDITORIAL BOARD
Nancy J.V. Bohannon, MD, FACP
Private Practice
San Francisco, CA

Gideon Bosker, MD
Special Clinical Projects 
Assistant Clinical Professor
Section of Emergency Services
Yale University School 
of Medicine, New Haven, CT

Norton J. Greenberger, MD
Professor and Chairman
Department of Internal Medicine
Kansas University Medical Center
Kansas City, KS

Norman Kaplan, MD
Professor of Internal Medicine
Department of Internal Medicine
University of Texas Southwestern 
Medical School
Dallas, TX

Dan L. Longo, MD, FACP
Scientific Director
National Institute on Aging
Baltimore, MD

Sylvia A. Moore, PhD, RD, FADA
Professor/Director, Division of
Medical Education & Public
Health, University of Wyoming,
Cheyenne, Wyo; Assistant Dean
for WWAMI in Wyoming,
University of Washington School
of Medicine

John E. Murtagh, MBBS, MD
Professor, Dept. of Community 
Medicine and General Practice
Monash University
East Bentleigh, Australia

David B. Nash, MD, MBA
Director, Health Policy and 
Clinical Outcomes
Thomas Jefferson University 
Hospital, Philadelphia, PA

Karen J. Nichols, DO, FACOI
Dean
Professor, Internal Medicine
Midwestern University
Chicago College of Osteopathic
Medicine
Downers Grove, IL

Allen R. Nissenson, MD
Professor of Medicine
Director of Dialysis Program
University of California 
Los Angeles School of Medicine

Kenneth L. Noller, MD
Professor and Chairman
Department of OB/GYN
Tufts University
School of Medicine
Boston, MA

Robert W. Piepho, PhD, FCP
Dean and Professor
University of Missouri-Kansas 
City School of Pharmacy
Kansas City, MO

James C. Puffer, MD
Professor and Chief
Division of Family Medicine
University of California,
Los Angeles School of Medicine

Robert E. Rakel, MD
Department of Family 
and Community Medicine
Baylor College of Medicine
Houston, TX

W. Mitchell Sams Jr., MD
Professor and Chairman
Department of Dermatology
University of Alabama at 
Birmingham

Joseph E. Scherger, MD, MPH
Associate Dean for Primary Care
Professor and Chair, Department of 
Family Medicine
University of California Irvine

Leonard S. Schultz, MD, FACS
Assistant Clinical Professor
Department of Surgery
University of Minnesota
Abbott-Northwestern Hospital
Minneapolis, MN

Leon Speroff, MD
Professor of Obstetrics and 
Gynecology, Oregon Health 
Sciences University School of 
Medicine, Portland, OR

Robert B. Taylor, MD
Professor and Chairman
Department of Family Medicine
Oregon Health Sciences University
School of Medicine
Portland, OR 

John K. Testerman, MD, PhD
Associate Professor and Chair
Department of Family Medicine
Loma Linda University
Loma Linda, CA

© 2004 Thomson American 
Health Consultants
All rights reserved 

Osteoporosis

Authors: Erika Tapino, MD, Fellow, Division of Endocrinology, Department 

of Medicine, Thomas Jefferson University Hospital, Philadelphia, PA; 

Barbara Simon, MD, Fellow, Division of Endocrinology, Department 

of Medicine, Thomas Jefferson University Hospital, Philadelphia, PA; and 

Serge Jabbour, MD, Assistant Professor of Medicine, Division of Endocrin-

ology, Diabetes & Metabolic Diseases; Department of Medicine, Thomas 

Jefferson University Hospital; Philadelphia, PA.

Peer Reviewer: Susan Y. Melvin, DO, Director, Family Medicine Residency 

Program, Long Beach Memorial Medical Center, Long Beach, CA; Clinical 

Professor, Department of Family Medicine, University of California, Irvine.



world.5 This stratification of disease by T score will be discussed
further in the diagnosis section.

It should be pointed out that the bone deterioration and fragili-
ty themselves are not the primary concern when it comes to eval-
uating a patient for osteoporosis. Instead, attempts to measure
bone strength and BMD are more a means to predict fracture
risk, as fractures are the consequence of osteoporosis with signif-
icant morbidity and mortality. 

Epidemiology: Who Gets Osteoporosis?
Classically, osteoporosis has been considered a disease of

postmenopausal women of northern European descent, as this is
the population with the highest rate of fractures. However, as the
population ages, one can expect the frequency of osteoporotic
fractures to increase in other populations as well.5

Net bone loss occurs in most populations of aging men and
women after the cessation of growth and a period of skeletal
“consolidation,”5 but patterns of bone loss differ by skeletal site.
For example, femoral bone loss begins at about 20 years of age
in both men and women, and continues in a linear fashion during
the rest of one’s life. Alternatively, bone loss in the appendicular
skeleton begins at the time of menopause in women and at a
comparable age in men.6 What is clear is that patterns of bone
loss have made changes in the prevalence of osteoporosis pre-
dictable. These trends in BMD and osteoporosis are seen clearly
in both the Third National Health and Nutrition Examination
Survey (NHANES) and a study of Rochester, Minn., women.7,8

One obvious problem with these major studies is that they prima-
rily have focused on postmenopausal white women; we now
know that other populations, including men, should be evaluated
as well.

Furthermore, the incidence of osteoporosis varies among dif-
ferent ethnic populations, possibly because of variations in skele-
tal architecture and turnover of bone mass. For instance, bone
mass generally is lower among Caucasians and Asians in com-
parison to people of other races. Conversely, African-Americans
classically have a much greater bone density when compared to
Caucasians of the same age and sex.9 However, these generaliza-
tions need to be interpreted carefully, as racial comparisons of
areal BMD are confounded by differences in bone size that are
not corrected by taking into account the projected area of the
DXA scan. When these differences in bone size have been
accounted for, some studies have found that African-American
women maintain their advantage in lumbar spine done density.10

On the other hand, differences in bone size seem to account for
the differences in bone density initially seen between white and
Asian women. Thus, Asian-American women and white women
now are believed to have a similar prevalence of osteoporosis.5

Likewise, when looking at the epidemiology of osteoporosis,
one cannot overlook the issue of gender. Peak bone mass
achieved by men is one-fourth to one-third greater than that
achieved by women. However, one again must take into account
that male skeletons are larger, and that two-dimensional areal
BMD scans do not completely correct for the fact that wider
male bones also are thicker. When this is corrected for, men still
have greater bone mineral densities; however, the difference is
reduced.11 It should be noted that the definition of male osteo-
porosis still is unclear, and has not yet been made by the WHO.
Usually, T scores still are compared to the bone mineral densities
of women, as that currently is the standard and the source of the
most voluminous data. However, it has been found that the esti-
mates of prevalence of osteoporosis in men increase greatly
when male-specific normal values are used.5 Although it has
been found that at any given BMD, fracture risk in men resem-
bles that seen in women, it also is known that the age-specific hip
fracture rate is lower in men because of their lower prevalence of
osteoporosis and reduced risk of falling.5

Etiology: What Are the Different Causes 
of Osteoporosis?

Generally, osteoporosis is divided into two forms: primary and
secondary. The term primary osteoporosis is applied to women
who have gone through natural menopause and older men with
low sex hormone levels. Correspondingly, secondary osteoporosis
is used to describe most other forms of osteoporosis, including the
most common, glucocorticoid-induced osteoporosis, and the less
common causes like endocrine disorders (most commonly hypo-
gonadism), hematopoietic disorders, connective tissue disorders,
other drug-induced causes, immobilization, renal disease, and
nutritional and gastrointestinal disorders. (See Table 1.)

Primary osteoporosis is the most widely recognized form of
osteoporosis. As stated, it generally is applied to postmenopausal
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women or older men who have no clear cause for their osteo-
porosis other than estrogen deficiency, calcium deficiency, or
age.12 Normally, bone formation and bone resorption are cou-
pled. During childhood and adolescence, both bone formation
and bone resorption are increased, but the bone formation rate is
higher than the bone resorption rate. Then, once peak bone mass
is achieved by about the third decade of life, bone resorption
rates surpass bone formation rates, and net bone loss ensues.12

The cause of this imbalance between bone formation and break-
down is not completely understood, but the principal inciting fac-
tor is believed to be related to gonadal hormone deficiency. More
specifically, increased bone resorption that occurs later in life
after peak bone mass is reached is associated with estrogen defi-

ciency, which may lead to osteoclastogenic cytokines. This is
thought to lead to more rapid bone loss than in estrogen-replete
subjects.13

The term secondary osteoporosis traditionally is applied when
specific pathogenetic mechanisms are present, though it is quite
common to have coexistent primary and secondary osteoporosis.
As previously mentioned, there are many causes of secondary
osteoporosis, including hypogonadism, other endocrine disorders
(i.e., hyperparathyroidism, hyperthyroidism, etc.), gastrointestinal
diseases, transplantation, genetic disorders, and medications.13

As mentioned, exogenous glucocorticoid-induced osteoporo-
sis is the most common form of secondary osteoporosis. Patients
with rheumatoid arthritis, chronic obstructive pulmonary disease,
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Table 1. Secondary Causes of Osteoporosis

DRUG-INDUCED DISORDERS

Aluminum-containing antacids
Anticoagulants (heparin and warfarin)
Anticonvulsants
Cytotoxics/immunosuppressants (i.e., cyclosporine, methotrexate, 

tacrolimus)
Glucocorticoids
Gonadotropic-releasing hormone agonists (i.e., LHRH)
Thyroxine

ENDOCRINE DISORDERS

Cushing’s syndrome
Diabetes mellitus
Hyperparathyroidism
Hyperthyroidism
Hypogonadism (including many causes, i.e., androgen insensitivity,

anorexia nervosa/bulimia, athletic amenorrhea, genetic 
causes, hyperprolactinemia, panhypopituitarism, premature 
menopause, Turner and Klinefelter syndromes)

Pregnancy and lactation

GASTROINTESTINAL AND NUTRITIONAL DISORDERS

Celiac disease
Gastrectomy
Hepatobiliary disease (i.e., primary biliary cirrhosis)
Inflammatory bowel disease
Malabsorption
Total parenteral nutrition

GENETIC DISORDERS

Ehlers-Danlos syndrome
Glycogen storage diseases
Hemochromatosis
Homocystinuria
Hypophosphatasia
Lipidoses ( i.e., Gaucher disease)
Marfan syndrome
Menkes disease
Osteogenesis imperfecta
Porphyria
Riley-Day syndrome

HEMATOLOGIC DISORDERS

Hemophilia
Leukemias and lymphomas
Myeloproliferative disorders (i.e., polycythemia)
Plasma cell dyscrasias (i.e., macroglobulinemia, multiple 

myeloma)
Sickle cell disease
Systemic mastocytosis
Thalassemia

RENAL DISORDERS

Chronic renal failure
Renal tubular acidosis

RHEUMATOLOGIC DISORDERS

Ankylosing spondylitis
Rheumatoid arthritis

MISCELLANEOUS

Alcoholism
Amyloidosis
Chronic metabolic acidosis
Congestive heart failure
Cystic fibrosis
Emphysema
Idiopathic hypercalciuria
Idiopathic scoliosis
Immobilization
Multiple sclerosis
Organ transplantation
Reflex sympathetic dystrophy
Sarcoidosis



asthma, inflammatory bowel disease, and transplant recipients
make up the majority of chronic glucocorticoid users.14 Patients
with chronic diseases like those mentioned often are at additional
risk for osteoporosis because of poor nutrition and immobiliza-
tion. Glucocorticoid-induced osteoporosis is especially common
in postmenopausal women, presumably because they already
suffer from primary osteoporosis.

The most rapid bone loss in glucocorticoid use occurs during
the first 6-12 months of steroid therapy, when there can be a 3-
27% decrease in BMD. This initial rapid decrease in bone loss
usually slows down two years into steroid treatment, but still
remains higher than the rate of loss of the general population.15

Like primary osteoporosis, initial bone loss is trabecular and is
followed by losses in cortical bone.15 But there is controversy
where trabecular bone is lost more rapidly—in the trochanter vs.
in the lumbar spine.

Although not entirely clear, glucocorticoid-induced osteo-
porosis is thought to be the result of both increased bone resorp-
tion and decreased bone formation. Currently, the favored domi-
nant mechanism is decreased bone formation by way of direct
inhibition of osteoblast activity. More specifically, steroids
decrease the absolute number of osteoblasts by inducing apopto-
sis. Steroids also modulate the osteoblast response to many
growth factors. This osteoblast inhibition is evident clinically by
decreases in serum levels of osteocalcin, reduced trabecular wall
thickness, and by incomplete repair of bone remodeling lacu-
nae.16 As mentioned, glucocorticoids also are thought to con-
tribute to osteoporosis by increasing bone resorption. Several
mechanisms are thought to lead to this increased resorption,
including inhibition of gastrointestinal calcium absorption and
possible subsequent secondary hyperparathyroidism, increased
urinary calcium and phosphate loss, and decreased sex hormone
production by means of inhibition of gonadotropin release.15 In
addition, exogenous steroids decrease the secretion of corti-
cotropin, thus decreasing the production of adrenal androgens,
which are the major precursors of estrogen in postmenopausal
women.

There is controversy over whether a safe glucocorticoid dose
exists in regard to bone health. Although it generally is agreed
that the lower the dose the better, no specific dose has yet been
identified as safe. In fact, even a single oral dose of 2.5 mg of
prednisone has been demonstrated to almost immediately
increase serum osteocalcin levels.17 This elevation in serum
osteocalcin reflects increased bone formation and turnover. Even
inhaled steroids, although preferred to oral steroids, have been
linked to up to a one point standard deviation decrease in bone
mineral density T scores when used chronically.18 Thus, whenev-
er possible, patients should have therapeutic glucocorticoids
weaned to the lowest possible dose or, if possible, discontinued.

While on the subject of glucocorticoid-induced osteoporosis,
it is important to address the closely related transplant-associated
osteoporosis. Medical advances have made organ transplantation
an increasingly common treatment for end-stage organ disease,
including renal, hepatic, cardiac, and pulmonary disease. Recent
improved survival rates after transplantation have led to

increased awareness of long-term complications of such dramatic
interventions. The pathogenesis of osteoporosis in transplant
recipients is considered complex and multifactorial. First, many
transplant patients are believed to have underlying risk factors for
bone loss, including advanced age, postmenopausal status, Cau-
casian race, vitamin D deficiency, physical inactivity, and tobac-
co or alcohol abuse. In addition, end-stage renal or hepatic
patients may suffer from derangements in mineral homeostasis
prior to transplantation. In fact, each specific end-stage organ
disease carries with it specific metabolic changes that can con-
tribute to the process of bone loss. However, most transplant
patients are exposed to countless medications, including medica-
tions that can cause bone loss, like glucocorticoids, loop diuret-
ics, and heparin. But the primary contributing factor to rapid
bone loss and subsequent fracture in transplant patients regard-
less of the underlying organ disease is thought to be immunosup-
pressive therapy. The main offending medications are glucocorti-
coids, cyclosporine A, and tacrolimus.13 Rates vary with the
immunosuppressive regimen, but it is clear that the most rapid
bone loss occurs soon after transplant, usually within the first 6-
12 months.13 Thus, practitioners need to be vigilant and aggres-
sive in their evaluation and treatment of transplant associated
osteoporosis. Specifically, patients should have their BMD evalu-
ated prior to transplantation, and any patient with a decrease in
BMD or definitive osteoporosis should be started on a bisphos-
phonate regimen and have their gonadal steroids replaced when
appropriate. Furthermore, even if a patient does not yet demon-
strate bone loss preoperatively, he or she should be given ade-
quate calcium (1500 mg/day) and vitamin D (400-800 IU/day). 

It has been easier thus far to link some hormonal disorders
with peak bone mass, particularly those involved with skeletal
development, including glucocorticoids, growth hormone, thy-
roid hormones, and gonadal steroids. More specifically, estrogen
has been found to have a crucial role in the development of peak
bone mass. Estrogen deficiency during adolescence is associated
with decreased peak bone mass, as estrogen has an important
role in epiphyseal closure and the decrease in bone remodeling
after puberty in both men and women. Some disorders associated
with such a hypogonadal state include Turner syndrome (XO),
hyperprolactinemia, the “female athlete triad” (disordered eating,
amenorrhea, and bone loss), and anorexia nervosa (which can
increase the risk for osteoporosis by multiple means, including
estrogen deficiency, secondary hyperparathyroidism from low
dietary calcium and vitamin D, excess endogenous cortisol pro-
duction, and low levels of IGF-1).13

Like women, men who suffer from any type of either primary
(testicular), secondary (pituitary), or tertiary (hypothalamic)
hypogonadism can experience rapid bone loss and fragility frac-
tures. This includes men with Klinefelter syndrome (XXY) as
well as men with complete androgen insensitivity.19

Hyperthyroidism is associated with increased bone resorption.
Epidemiologic studies suggest that thyrotoxic patients are at
increased risk for fracture.20 Most studies have found that bone
density improves but does not completely recover with success-
ful therapy of thyrotoxicosis.21 Thyroid hormone replacement
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that is not associated with thyroid stimulating hormone (TSH)
suppression does not lead to detrimental effects on bones.20

In hyperparathyroidism, skeletal demineralization may occur,
most commonly at sites with a high proportion of cortical bone.22

Spine bone mineral density usually is preserved in mild forms of
primary hyperparathyroidism, although a recent study23 found an
increased risk of fracture at all sites. Fracture risk normalized
within one year of parathyroidectomy.23

Many gastrointestinal diseases, such as celiac disease, post-
gastrectomy states, inflammatory bowel disease, pancreatic
insufficiency, and hepatic disease can lead to osteoporosis and
osteomalacia through interference with intestinal absorption of
calcium, phosphorus, and vitamin D.24 In hepatic disease, a dis-
ruption in 25-hydroxyvitamin D synthesis is an additional factor
in the pathogenesis of bone disease.

Rheumatic diseases, mainly through glucocorticoid therapy
and decreased mobility, also may lead to osteoporosis. Disorders
of bone marrow, such as multiple myeloma, leukemias, and lym-
phomas, should be in the differential diagnosis when appropriate.
Medications such as anticonvulsants, heparin, and methotrexate
are important offenders: anticonvulsants increase degradation of
vitamin D metabolites; heparin has been shown to stimulate bone
resorption, mainly at doses of 15,000 U or greater for at least six
months,3 while the data regarding low-molecular-heparin still is
scarce; methotrexate has a direct resorptive effect on bones.
Other rare causes of secondary osteoporosis are listed in Table 1. 

Diagnostic Studies
To appropriately diagnose, work up, and treat osteoporosis, a

clinician must be able to identify a patient at risk for osteoporo-
sis, choose the appropriate tests to evaluate for osteoporosis, and
know how to interpret the results of any work-up done. Identify-
ing patients at risk for bone loss should begin with a detailed his-
tory, including analysis of calcium intake, nutrition, changes in
height or weight, physical activity, lifestyle habits including
smoking history, menstrual and reproductive history, personal or
family history of fragility fractures (defined as appendicular or
axial fractures occurring after a fall from standing height or less),
and personal or family history of other endocrine disorders that
may affect skeletal health. Physical examination should include
evaluation of height and spine, and the search for any evidence of
thyroid or adrenal disease. Generally, some sources25 recommend
screening for osteoporosis in all postmenopausal women older
than 65 years, any postmenopausal woman younger than 65
years with other risk factors, and any patient with a fragility frac-
ture. Clearly, a patient with history of any other disorder that
imposes risk for osteoporosis should be evaluated as well.

How does one screen or begin an evaluation for osteoporosis?
Usually a dual energy x-ray absorptiometry (DXA) scan is per-
formed to evaluate bone density and thus predict fracture risk.
Although there are many limitations to this test, a clinician needs
to know how to interpret the results of bone densitometry. First,
one must recall that a T score reflects comparison with young
Caucasian women, while a Z score compares the bone density of
the patient with age-matched controls. Classically, the T score is

used to stratify fracture risk, not the Z score. A T score of 0 ± 1
standard deviations from the mean is considered normal; a BMD
T score between 1 and 2.5 less than the mean is termed osteope-
nia; a BMD more than 2.5 standard deviations below mean is
considered osteoporosis; and BMD with T score more than 2.5
standard deviations below the mean with the presence of fragility
fractures is considered severe osteoporosis.26

There are many other problems with using the above thresh-
olds and DXA scan in general. Such problems include different
bone mineral density measurements from machine to machine,
and differences in bone mineral density between central and
peripheral sites of measurement. There have been attempts to
correct the differences that occur between different machines,
including using standard deviations or T scores rather than
absolute BMD; however, this has not solved the problem as dif-
ferent manufacturers use different databases. Accordingly, some
believe that a new young normal reference database done on all
BMD technologies is needed.27 Also mentioned were the differ-
ences that occur between central and peripheral sites of measure-
ment, with the peripheral sites being more accurate in measuring
bone mineral content per unit volume of bone because of less
surrounding soft tissue.27 It is quite a large task to address these
problems with bone mineral density measurement, reference
populations, central vs. peripheral measurements, and fracture
risk. Currently, the NOF and the International Society for Clini-
cal Densitometry (ISCD) are attempting to address some of these
issues with the T-score Equivalency Project.27 Other problems
include defining osteoporosis in men (currently most databases
only use data from women; the ISCD recommends using gender
specific databases as references) as well as defining osteoporosis
in different ethnic groups (currently there is only multi-ethnic
head-to-head prevalence and fracture data from National Osteo-
porosis and Risk Assessment).27 Until these issues are resolved, it
is likely best to continue to use the results and thresholds as they
stand, but to use them with caution.

Besides DXA scan, ultrasound of the calcaneus also can be
used to predict fracture risk because sound transmission through
bone is related to bone density and skeletal strength;28 however,
ultrasound does not give much information regarding spinal bone
density and is not as precise as DXA.

Quantitative computed tomography is another method for
measuring spinal bone density but it seldom is used now since it
is more expensive, less reproducible, and requires a higher radia-
tion dose than DXA.

In addition to imaging, one should not overlook the value of
laboratory tests in the evaluation of a patient with osteoporosis in
cases where bone loss is greater than expected for the patient’s age,
gender, race, and menopausal status.13 An intensive investigation is
indicated, particularly in all pre-menopausal or peri-menopausal
women and in men with low bone density. Laboratory tests (see
Table 2) that can help rule out secondary causes for osteoporosis
include a complete blood count, renal function, calcium, phospho-
rous, alkaline phosphatase, liver function tests, TSH, erythrocyte
sedimentation rate, intact parathyroid hormone (PTH), 25-hydrox-
yvitamin D and 24-hour urinary calcium, and creatinine.
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Other more specialized tests can be performed, depending on
clinical suspicion or the results of the above basic testing: urinary
free cortisol or overnight dexamethasone suppression test if one
suspects Cushing’s syndrome; serum protein and urine protein
electrophoresis if one suspects multiple myeloma; antigliadin or
anti-tissue transglutaminase antibodies if one suspects malab-
sorption or celiac disease; and serum iron and ferritin if malab-
sorption or hemochromatosis is suspected.13

In addition, some clinicians have found that biochemical
markers of bone remodeling are quite useful in the diagnosis and
follow-up of patients with metabolic bone disease. The underly-
ing premise of following such markers is based on the fact that
bone is a metabolically active tissue that undergoes continuous
remodeling through the coupling of bone formation and resorp-
tion. Cellular and extracellular components of the skeletal matrix
recently have been isolated and found to reflect either bone for-
mation or bone resorption, with some overlap. 

Biochemical Markers of Bone Formation. Bone specific
alkaline phosphatase (ALP) is one of the most commonly recog-
nized markers of bone formation. It is a product of osteoblasts.
One needs to be careful, however, in assuming that an elevated
ALP reflects increased bone formation, as there are different tissue
specific genes producing ALP. Generally, liver and bone each con-
tribute approximately 50% of the serum ALP. Thus, serum ALP
can be looked at specifically for bone formation except in the pres-
ence of liver or biliary disease.29 In these cases, one can use a mon-
oclonal immunoassay to determine the source of the elevated ALP. 

Osteocalcin is believed to be a sensitive and specific biochem-
ical marker of osteoblast activity. Some problems with following
osteocalcin levels include inconsistencies between assays due to
protein fragmentation and a circadian rhythm, with highest levels
occurring in the morning.29

Less commonly used are the amino- and carboxy-terminal
procollagen propeptides of type I collagen, called PINP and
PICP respectively.29 Both are believed to be specific products of
proliferating osteoblasts and fibroblasts, reflecting the collage-
neous phase of bone formation. However, these peptides also
may not be entirely specific, as other tissues including fibrocarti-

lage, tendon, skin, gingiva, intestine, heart valve, and large ves-
sels may contribute to serum levels of PINP and PICP. Further-
more, like osteocalcin levels, PINP and PICP levels are not influ-
enced by food intake but do follow a circadian rhythm with high-
est levels occurring in the morning.

Biochemical Markers of Bone Resorption. There are many
biochemical markers of bone resorption. Hydroxyproline is an
amino acid present in all collagen types and tissues, and is bro-
ken down enzymatically and released in the serum. However,
only 10% of the total circulating hydroxyproline is excreted in
the urine. The rest is reabsorbed, further metabolized, or reused
for collagen synthesis.29 But urine measurements of hydroxypro-
line have proven to be non-specific, as such measurements can
reflect both collagen synthesis and breakdown. In addition,
measurement of hydroxyproline levels also mandates the incon-
venience of abstaining from collagen-rich foods at least 24 hours
prior to testing. Thus, hydryoxyproline levels no longer com-
monly are measured, having been replaced by some more specif-
ic markers of bone resorption. 

The pyridinium crosslinks, including pyridinoline (PYD) and
deoxypyridinoline (DPD) are present in mature collagens only,
with highest concentration in cartilage and bone (PYD) and bone
only (DPD). Therefore, DPD is considered the more bone-specif-
ic marker.29 Functionally, these compounds are the main
crosslinks in skeletal tissues, but they act as stabilizers of mature
crosslinks in type I, II, and III collagens of all major connective
tissues. Advantages of the pyridinium crosslinks over hydroxy-
proline include that levels are unaffected by dietary intake. In
addition, pyridinium crosslink levels are not affected by break-
down of newly synthesized collagen, which renders them more
specific for bone resorption than hydroxyproline. Both can be
measured in the serum or the urine.

The crosslinked telopeptides refer to the measurement of type I
collagen degradation products associated with the crosslink regions.
The immunoreactive epitopes measured are located on peptide
fragments derived from the N-terminal (NTX-1) or the C-terminal
(CTX-1) telopeptides of the type I collagen molecule.30 Both of
these epitopes can be measured in the serum or the urine. Although
specific for breakdown or resorption, CTX-1 levels are affected by
dietary intake and must be measured in the fasting state. 

Now that the major biochemical markers of bone remodeling
have been reviewed, sources of variability of the measurement of
such markers will be examined. Generally, many factors, includ-
ing age, gender, ethnicity, recent fractures (up to 1 year), preg-
nancy, lactation, drugs, bedrest/immobility/remobilization, diet,
exercise, temporal variability like time of day or time of menstru-
al cycle, and other comorbid diseases, can affect the level or
measurement of markers of bone turnover.29 Other more techni-
cal aspects also can result in variability of marker measurement,
including thermodegradation and photolysis, timing and mode of
sample, and variation between laboratories. 

How are these biochemical markers of bone remodeling clini-
cally useful? It is best to first review the normal changes in bone
remodeling seen with aging. Recall that during puberty and growth
both bone formation and resorption are increased, reflecting an
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Table 2. Diagnostic Work-up for Secondary
Osteoporosis

• Complete blood count
• Renal function
• Liver function tests
• Calcium, phosphorus
• TSH
• Sedimentation rate
• Intact PTH
• 25-OH-vitamin D
• 24-hour urine calcium
• Urine free cortisol or overnight dexamethasone suppression test 

if indicated
• Serum and urine protein electrophoresis if indicated
• Other tests if indicated (See text.)



increase in bone turnover. Thus, one would expect to see an
increase in markers of both bone formation and resorption. This
rate stabilizes until approximately the third decade of life, and con-
tinues unchanged in men until after age 70.30 However, women
experience a huge increase in both bone formation and resorption
in early menopause, which may be decreased by calcium supple-
mentation at that time. Later on in menopause, it is known that
there is an increase in bone resorption, with an uncoupling of bone
formation and resorption. These changes in metabolism also can
be reflected in measurements of biochemical markers. 

It is thought that changes in these markers reflecting changes in
bone metabolism can help predict future bone loss as well as future
fracture risk.29 In addition, some support the utility of following lev-
els of markers of bone turnover to assess success of therapy. It may
be most useful to measure baseline levels at the time of treatment
initiation to determine which type of therapy would be most effec-
tive. For example, if a patient demonstrates elevated levels of bone
resorption markers, then anti-resorptive therapy may be the best.
Furthermore, although measuring BMD is more precise, we know
that changes in bone mineral density occur quite slowly, making it
difficult to detect a therapeutic response sooner than a few years
into treatment. Thus, although measurements of markers of bone
turnover are imprecise and very variable, they do change much
more rapidly than BMD in response to treatment.29 This may render
markers of turnover much more useful than BMD in following
patients, at least in the immediate or short-term follow-up period.
However, none of these concepts has been proven in controlled
prospective trials, and the clinical use of these markers in monitor-
ing patients has not been addressed sufficiently. Consequently, no
clinical consensus exists as to the use of bone markers in the fol-
low-up of patients with osteoporosis.

Treatment
The goals of osteoporosis treatment are to prevent fractures,

stabilize or increase bone mass, relieve symptoms of fracture and
skeletal deformity, and to maximize function (to prevent progres-
sion of deformity).31

Nonpharmacologic measures that may be instituted include
promoting a diet rich in calcium and vitamin D, emphasizing gen-
eral good nutrition, recommending smoking cessation, advocating
weight-bearing exercises, and identifying and reducing fall risks.

According to the NOF, pharmacologic treatment of osteoporosis
is indicated for a BMD T score below -2.0 with no risk factors, a
BMD T score below -1.5 with the presence of other risk factors,
patients in whom nonpharmacologic preventive measures are inef-
fective (i.e., bone loss continues or low-trauma fractures occur),31 or
patients with prior vertebral or hip fractures.32 Discussion of the
pharmacologic agents used to treat osteoporosis are outlined below.

Calcium and Vitamin D. Calcium is required to obtain peak
bone mass and to maintain bone health. If dietary calcium intake
is inadequate, bone tissue is resorbed from the skeleton to main-
tain normal serum calcium levels. Up to the age of 70, fewer than
1 in 10 females (and fewer than 1 in 100 older than age 70) meet
their calcium requirement through diet.33 If the amount of dietary
calcium is inadequate, use of supplements is recommended.

Vitamin D is required for calcium absorption. It is obtained by
ingestion of certain foods or produced endogenously through a
cutaneous photosynthetic reaction. Vitamin D is not widely avail-
able in natural food sources unless the food is specified as vita-
min D fortified (such as milk, cereals, and breads).

Calcium and vitamin D supplements can reduce the rate of
bone loss in postmenopausal women. Most organizations recom-
mend 1200 mg of calcium and between 400 and 800 IU of vita-
min D per day for postmenopausal women and all people older
than age 50. The larger dose of 800 IU of vitamin D daily is rec-
ommended for the elderly and those at risk of vitamin D defi-
ciency (i.e., chronically ill, housebound, or institutionalized indi-
viduals). Between the ages of 19 and 50, most guidelines recom-
mend 1000 mg of calcium and 400 IU of vitamin D per day.

Calcium carbonate is the most commonly used supplement
and should be taken with meals to minimize side effects and
enhance absorption. Some experts prefer calcium citrate because
it may be better absorbed than calcium carbonate.34 Side effects
include constipation and gas. Many calcium preparations contain
vitamin D, but not at the recommended daily dose. Separate vita-
min D supplements are available.

Estrogens and Hormone Replacement Therapy (HRT).
Any estrogen deficiency (most commonly from menopause, but
also from gonadotrophin releasing hormone [GnRH] agonists,
chemotherapy, and amenorrhea induced by athletics or eating
disorders) leads to loss of trabecular bone. This bone loss may be
related to an increase in cytokines which stimulate osteoclastic
activity when estrogen levels decrease.35

Estrogen therapy and HRT are effective and FDA-approved
antiresorptive therapies for postmenopausal bone loss, providing
increases in BMD and reductions in the incidence of fractures. The
Women’s Health Initiative (WHI) found a 34% reduction in hip
and vertebral fractures after five years of treatment with HRT.36

However, recent evidence from the WHI has shown that HRT
may increase the incidence of cardiovascular events, strokes, and
breast cancer in postmenopausal women. Estrogen treatment also
is associated with increased incidence of deep venous thrombosis
and pulmonary embolism. The FDA recommends that when these
agents are being considered for use solely for prevention of osteo-
porosis, other non-estrogen agents should be considered first. 

Selective Estrogen Receptor Modulators (SERMs). SERMs
were developed after the observation that tamoxifen, a breast can-
cer agent, had estrogenic effects on the skeleton.35 Raloxifene is
the first SERM to be available for the treatment of osteoporosis.
Raloxifene is approved by the FDA for both prevention and treat-
ment of osteoporosis in postmenopausal women. A dose of 60 mg
per day has been shown to decrease bone loss, to increase BMD
by 2-2.4%, and to reduce the incidence of new vertebral fractures
by 30-50%. Currently, there is no evidence that raloxifene signifi-
cantly reduces risk of non-vertebral fractures.32

Patients taking raloxifene were shown to have a 75% reduc-
tion of the incidence of breast cancer.37 Raloxifene has not been
shown to have estrogenic activity on the uterus35 and, therefore,
no gynecologic surveillance is necessary. There may be a slight
increase in incidence of venous thromboembolism to a degree
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similar to that observed with estrogens. Side effects include hot
flashes and leg cramps. 

Bisphosphonates. The bisphosphonates reduce osteoclastic
bone resorption, resulting in increased BMD. Use of bisphospho-
nates also is associated with a decrease in bone turnover markers.
There are two FDA-approved bisphosphonates for the treatment
of osteoporosis.

Alendronate is FDA-approved for prevention of bone loss in
recently menopausal women, for treatment of established osteo-
porosis and for treatment of glucocorticoid-induced osteoporosis.
Alendronate increases bone mass and reduces the incidence of
vertebral, hip, and all non-vertebral fractures by 50%. Dosage is
5 mg/day or 35 mg weekly for prevention of postmenopausal
osteoporosis, and 10 mg/day or 70 mg/wk for treatment of post-
menopausal osteoporosis.  

Risedronate (5 mg daily and 35 mg  weekly) is approved by the
FDA for the prevention and treatment of postmenopausal osteo-
porosis and for treatment of glucocorticoid-induced osteoporosis.
It has been shown to prevent corticosteroid-induced bone loss in
patients beginning steroid therapy, as well as to improve BMD in
patients who already suffer from steroid-induced bone loss.38 Rise-
dronate increases BMD by 3-6%, reduces the incidence of verte-
bral fracture by 40%, and reduces non-vertebral fractures by 30%. 

All bisphosphonates should be taken on an empty stomach
with water, at least one half-hour before food or beverages, oth-
erwise absorption is severely reduced. Patients should remain
upright for 30 minutes. This method of administration avoids
side effects such as esophageal irritation, heartburn, and dyspha-
gia, which may occur in 10% of patients. The availability of once
weekly dosing has reduced the incidence of these side effects. 

Contraindications to usage are inability to follow dosing regi-
men, hypocalcemia, and esophageal abnormalities that might
delay transition of the tablet. Upper gastrointestinal tract disease
is a relative contraindication.

Salmon Calcitonin. Calcitonin is secreted by the C-cells of the
thyroid gland, and exerts hypocalcemic effects by directly inhibit-
ing osteoclast resorption.39 Salmon calcitonin is FDA-approved for
the treatment of osteoporosis in women who are at least five years
postmenopausal. There are limited data regarding the efficacy of
calcitonin, and at best it produces only modest increases in BMD
(1-2%) in postmenopausal women.39 Small controlled clinical tri-
als indicated that calcitonin decreased the vertebral fracture rate by
54%, however, in the single large trial performed, it lowered verte-
bral fracture risk by 21%.32 There have been no data to support a
reduction in hip fracture. However, calcitonin is unique in that it
has an analgesic effect on the acute pain of vertebral fracture. 

Calcitonin is available as a nasal spray (200 IU per spray) or as
an injection. The recommended dose is one spray nasally per day in
alternating nostrils or 100 IU parenterally. Side effects are minimal
and include rhinitis and, rarely, epistaxis with usage of the nasal
spray, and flushing, nausea, and vomiting with the parenteral form. 

Parathyroid Hormone. Teriparatide (PTH 1-34) is available
for treatment of osteoporosis as daily subcutaneous injections.
PTH, when given intermittently, works anabolically to build cor-
tical bone. This is in opposition to chronic elevations of PTH, as

in primary hyperparathyroidism, which cause a greater degree of
osteoclastic bone resorption and lead to osteoporosis. PTH treat-
ment has been shown to improve lumbar spine BMD by approxi-
mately 9.7%.40 After 18 months of use, PTH may reduce the risk
of vertebral fractures by 65% and it may reduce the risk of non-
verterbral fractures by 54%.32,40

PTH is well tolerated, with the most common side effects being
dizziness and leg cramps. PTH therapy should not be used in
patients with primary hyperparathyroidism or hypercalcemia,
patients with renal impairment, or patients with an increased risk of
osteosarcoma (i.e., patients with open epiphyses, a history of skele-
tal radiation therapy, Paget’s disease, and bony metastases).32,41 PTH
caused an increase in osteosarcoma in rats,41 although no human
cases of osteosarcoma have been observed in PTH treated patients.
PTH is available in a pen injection device, and the recommended
daily dose is 20 mcg subcutaneously. The FDA-recommended
treatment period is 24 months, as PTH use for more than two years
has not been investigated. PTH treatment is more expensive in com-
parison to other treatments.

Patients who are candidates for PTH are postmenopausal
women and men at high risk for fracture (i.e., patients who frac-
ture while on antiresorptive therapies or patients who do not
respond to or cannot tolerate antiresorptive agents). 

Recent evidence suggests that PTH should not be used in
combination with bisphosphonate therapy, as combination thera-
py was less efficacious on BMD than PTH alone.42,43

Monitoring Treatment. Most physicians will monitor cen-
tral DEXA scan every 1-2 years during pharmacologic treat-
ment. In Medicare patients, the Bone Mass Measurement Act
allows for BMD measurement at 12 months after starting a new
therapy. 

Pharmacologic therapy may be reducing fracture risk even
though increases in BMD are not apparent. There also is a preci-
sion error inherent in BMD testing, and therefore changes of less
than 2-4% in the vertebrae and less than 3-6% in the spine can be
due to error.32 It is important to remember that a goal for treat-
ment is to stabilize BMD (prevent further decreases) and not nec-
essarily to increase the BMD. 
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Physician CME Questions

13. What is the most common cause of secondary osteoporosis?

A. Hypogonadism

B. Glucocorticoids

C. Multiple myeloma

D. Celiac disease

14. Based on DXA scans, osteopenia is defined as:

A. T score between 1 and 3 less than the mean.

B. T score between 1 and 2.5 less than the mean.

C. Z score between 1 and 3 less than the mean.

D. Z score between 1 and 2.5 less than the mean.

15. Which of the following bone markers reflects resorption?

A. Alkaline phosphatase

B. Osteocalcin

C. Pyridinoline

D. Amino-terminal procollagen propeptide of type 1 collagen

(PINP)

16. To diagnose vitamin D deficiency in patients with osteoporosis, you

should obtain:

A. serum vitamin D. 

B. serum 25-hydroxyvitamin D.

C. serum 1,25-hydroxyvitamin D.

D. serum calcium.
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17. The Women’s Health Initiative (WHI) found that estrogens may lower

the incidence of:

A. cardiovascular events.

B. strokes.

C. breast cancer.

D. fractures.

18. Which of the following has an analgesic effect on acute pain of verte-

bral fracture?

A. Raloxifene

B. Calcitonin

C. Alendronate

D. Teriparatide (PTH)

19. In rats treated with PTH (teriparatide), there is an increased incidence

of:

A. lymphoma.

B. multiple myeloma.

C. osteosarcoma.

D. Paget’s disease.

CME Answer Key
13. B 17. D
14. B 18. B
15. C 19. C
16. B
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The NIH has halted the estrogen-alone wing
of the Women’s Health Initiative (WHI) a
year before its scheduled end. The 11,000

postmenopausal women who have had a hys-
terectomy and were enrolled in the estrogen-alone
trial recently received a letter informing them of
the preliminary results of the study and asking
them to stop their study medication. After nearly
7 years of follow-up it appears that estrogen alone
does not affect the rates of heart disease or breast
cancer (either positively or negatively), both key
findings of the estrogen/progesterone wing of the
study, which was halted in July 2002. The
researchers did find, however, that estrogen alone
led to a slightly higher incidence of stroke (8 per
10,000), similar to the rate found in the
estrogen/progesterone wing. Estrogen alone was
also found, however, to decrease the risk of hip
fracture. The NIH statement also says that older
women (65 and older) showed a trend toward
increase risk of probable dementia or mild cogni-
tive impairment with estrogen-alone treatment.
All of the women in the study were taking Wyeth
& Co.’s conjugated estrogen product, Premarin.
The full results of the trial will be published in a
major peer-reviewed journal in the next 2 months.
The NIH statement concurs with the guidance
from the FDA, which states that hormone use
should be limited to treatment of moderate-to-
severe menopausal symptoms, vulvovaginal atro-
phy, and prevention of osteoporosis (as a
second-line drug). The NIH statement is available
on its web site at www.nih.gov/news.

Antibiotics Associated With Cancer Risk
Is antibiotics use associated with an increased

risk of breast cancer in women? The question,
which was first raised decades ago, has been the

subject of much debate, but now a new study
suggests that the answer may be yes. Researchers
looked at data from more than 10,000 female
members of the Group Health Cooperative in
Washington state and identified 2266 women
with invasive breast cancer and 7953 randomly
selected controls without breast cancer. The vari-
able evaluated was cumulative days of antibiotic
use over the study period from January 1993 to
June 2001. Increasing cumulative days of antibi-
otic use was associated with increased risk of
breast cancer. The categories were 0 days, 1-50,
51-100, 101-500, 501-1000, and > 1001 days. The
odds ratios (95% CI) for breast cancer were,
respectively, 1.00 (reference), 1.45 (1.24-1.69), 1.53
(1.28-1.83), 1.68 (1.42-2.00), 2.14 (1.60-2.88), and
2.07 (1.48-2.89) (P < .001 for trend). Increased risk
was seen in all antibiotic classes, including
women taking tetracycline or macrolides for
treatment of acne or rosacea. After adjusting for
age, length of enrollment, and use of post-
menopausal hormones, the death rate from breast
cancer also increased with cumulative days of
antibiotic use. The authors conclude that use of
antibiotics was associated with an increased risk
of incidence of breast cancer and death from
breast cancer; however, it cannot be determined

April 2004 / PHARMACOLOGY WATCH® 1

This supplement was written by William T. Elliott, MD, FACP, Chair,
Formulary Committee, Kaiser Permanente, California Division;
Assistant Clinical Professor of Medicine, University of California-San
Francisco. Telephone: (404) 262-5413. E-mail: christie.petrone@
thomson.com. In order to reveal any potential bias in this publica-
tion, we disclose that Dr. Elliott reports no consultant, stock-
holder, speaker’s bureau, research, or other financial
relationships with companies having ties to this field of study.

Estrogen Found to Not Affect Heart Disease, Breast Cancer



from the study whether antibiotic use is causally
related or whether the indication for use of
antibiotics was the primary factor (JAMA. 2004;
291:827-835). The link between antibiotics for
breast cancer is plausible since antibiotics affect
intestinal microflora, thus affecting phytochemi-
cal metabolism in the gut. Phytochemicals are
thought to play an inhibitory role in the carcino-
genesis pathway. Antibiotics also affect immune
and inflammatory responses, which may lead to
mammary carcinogenesis. An accompanying edi-
torial reviews the possible mechanisms of the
antibiotic/breast cancer connection and suggests
that this study provides more questions and
answers but that further research is needed. In
the mean time, antibiotic use in women should be
scrutinized, especially when other treatment
options are available (JAMA. 2004;291:880-881).

Topiramate Effective Against Migraine
Topiramate is an effective agent for migraine

prevention, according to a new double-blind
study of 483 migraine patients. The drug, which
is approved for prevention of seizures, was used
in maximal doses of 50, 100, or 200 mg for 18
weeks in patients aged 12-65, who had at least a
6-month history of migraine and averaged 3-12
migraines per month. Mean monthly migraine
frequency decreased significantly in the 100-mg
(P = .008) and 200-mg (P ≤ .001) doses, and the
benefit was seen within the first month of ther-
apy. Migraine days and use of rescue medication
were also significantly reduced in the 100-mg and
200-mg groups. Adverse events included pares-
thesia, fatigue, and nausea (JAMA. 2004;291:965-
973). Johnson & Johnson has already received
conditional approval from the FDA for topira-
mate for the indication of migraine prevention
pending additional safety information.

Statin Therapy For Heart Failure
Statin therapy has been found to be beneficial

for a number of chronic illnesses; now add 2
more to the list. Statins have been found to bene-
fit patients with advanced ischemic and non-
ischemic heart failure. Researchers from UCLA
reviewed the records of 551 patients with systolic
heart failure with ejection fractions of 40% or less.
After risk adjustment, statin use was associated
with improved survival without the necessity of
urgent transplantation in both non-ischemic and
ischemic heart failure patients (91% vs 72% [P <
.001] and 81% vs 63% [P < .001], at 1-year follow-
up, respectively) (J Am Coll Cardiol. 2004;43:642-

648). A new, large, randomized trial shows statins
may also reduce the risk of stroke. As part of the
Heart Protection Study in the United Kingdom,
3280 adults with cerebrovascular disease and an
additional 17,256 patients with other occlusive
arterial disease or diabetes were randomized to
simvastatin 40 mg per day or placebo. Over the 5-
year treatment period, there was a significant
25% proportional reduction in the rate of first
stroke (4.3% simvastatin vs 5.7% placebo; P <
.0001). The entire benefit was found in reduction
in ischemic stroke. There was no difference found
in the rate of hemorrhagic stroke, either increase
or decrease. Simvastatin also reduced the number
of TIAs (P = .02) and requirement for carotid
endarterectomy or angioplasty (P = .0003).
Among patients with pre-existing cerebrovascu-
lar disease, there is no apparent reduction in the
stroke rate, but there was a highly significant 20%
reduction in the rate of any vascular event (P =
.001). Interestingly, benefit was seen in all levels
of LDL, even in patients with LDL levels less than
116 mg/dL. The authors conclude that statin
therapy reduces the risk of ischemic stroke by
one-quarter to one-third in these at-risk patients
(Lancet. 2004;363:757-767).

FDA Actions
The consumer watchdog group Public Citizen is

calling for the FDA to ban AstraZeneca’s new
statin, rosuvastatin (Crestor), because of the risk of
myositis and rhabdomyolysis. The drug, which
was introduced to the American market in
September, has been associated with 7 cases of
rhabdomyolysis, 9 cases of renal failure, and 1
death. Myositis is a class affect of statins, especially
the high-potency statins like Crestor. AstraZeneca
states that the drug has been used in more than 1
million patients and that its benefits outweigh the
risks. The FDA banned Bayer’s cerivastatin
(Baycol) in 2001 because of more than 100 deaths
associated with the drug due to rhabdomyolysis. 

Drug Approved to Target Angiogenesis
The FDA has approved the first monoclonal

antibody that targets tumor angiogenesis.
Genentech’s bevacizumab (Avastin) is approved
for the treatment of metastatic colorectal cancer.
The drug works by binding vascular endothelia
growth factor, thus inhibiting the formation of
new blood vessels in tumors. In clinical trials the
drug was found to extend survival time in
patients with metastatic colorectal cancer by sev-
eral months.   ■

2 PHARMACOLOGY WATCH® / April 2004




