Indications and Outcomes

® CrossMark

of Osteoporosis and Bone
Modulation Therapies

Stuart Weinerman, MD?*, Gianina L. Usera, MD®

KEYWORDS

® Bisphosphonates ® Osteoporosis ® Fracture ® Bone mineral density ® Anabolics ® FRAX

e Glucocorticoids

KEY POINTS

e Osteoporosis-related fractures frequently go undiagnosed and untreated.
e There are many contributing factors of osteoporosis, including menopause, drugs, age, smoking,

sedentary lifestyle, and sex, among others.

e Bone mineral density testing is a useful tool for health professionals to determine the need for treat-

ment and also as a long-term monitoring tool.

e Calcium, vitamin D, and exercise, although popularly used as treatments for low bone density, have
not been found to be effective in reducing the risk of fracture.

Osteoporosis is a skeletal disorder characterized
by compromised bone strength predisposing to
an increased risk of fracture.” This article ad-
dresses the causes of osteoporosis, how to iden-
tify who is at risk for fracture, and who should be
considered for medical therapy for osteoporosis.
Osteoporosis-related fractures are a major pub-
lic health issue, and are therefore an important
topic for all health providers. For example, a
2004 report estimated 10 million Americans above
age 50 have osteoporosis, leading to approxi-
mately 1.5 million fractures per year in the United
States. Lifetime incidence of osteoporosis-
related fractures is approximately 1 fracture per 2
women aged 50 years and older. Despite the pub-
lic perception that this is a disease only a post-
menopausal woman, the incidence in men is 1
fracture per 5 men. Osteoporosis-related fractures
are associated with significant morbidity and

mortality. Hip fractures in older women are associ-
ated with a 15% excess mortality; men with hip
fractures have an even higher mortality, estimated
at 30%.%~

There are multiple causes of osteoporosis. The
bone is a composite material of a collagen frame-
work strengthened by hydroxyapatite, conceptu-
ally similar to concrete supported by a steel
rebar. This composite material provides both
resistance to deformity but still some flexibility.
Bone biology depends on a balance of new bone
formation, performed by osteoblasts, and resorp-
tion of old bone by osteoclasts, which allows
growth and remodeling in response to stress or
fracture repair. Osteocytes are osteoblasts that
become embedded in the new bone. Rates of
osteoclastic and osteoblastic activity are tightly
linked in normal physiology. Bone remodeling
begins with a signal to resorb an area of bone in
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response to fracture or new stress. The osteo-
blasts recruit new osteoclasts and stimulate
resorption mainly through RANK-L (receptor acti-
vator for nuclear kappa beta ligand), under the
influence of many of factors including sex hor-
mones and parathyroid hormone. Osteoclasts,
highly specialized cells, then resorb bone on the
surface or tunneling through cortical bone. Osteo-
clasts form a tight seal on the bone, and then
resorb the mineral with acid, and the protein matrix
with proteases such as cathepsin K. The bone
resorption phase lasts for approximately 3 weeks.
Osteoblasts then migrate to the area and lay down
new bone, first collagen matrix, which is then
mineralized. Abnormalities of each phase and
process of bone remodeling are represented by
disease states, and are potential targets for phar-
macologic therapy.

In childhood and adolescence, bone density in-
creases as linear bone growth occurs. Peak bone
density occurs slightly after linear growth stops,
generally in the early 20s depending on the bone.
Bone density tends to stay stable in healthy adults
for several decades as long as there are normal
sex steroid levels and circulation, estrogen in
women and testosterone in men, and there are
no other secondary risk factors such as inade-
quate nutrition or drugs that affect bone meta-
bolism. Any cause of failure to achieve peak
bone density will contribute to long-term risk of
fractures (Box 1). Examples would include

Box 1

Risk factors for osteoporosis
e History of fracture

e Low bone mass

e Fracture in first-degree relative
e Female

e Low BMI

e Advanced age

e Menopause

e Cigarette smoking

e Excessive alcohol use

e Amenorrhea

e Anorexia nervosa

e Low lifetime calcium intake
e Vitamin D deficiency

e Certain drugs

e Low testosterone

e Sedentary lifestyle

e Caucasian or Asian

anorexia or chemotherapy in adolescence. Peak
bone density appears to be genetically deter-
mined; approximately 60% of the variability be-
tween individuals appears to be familial. If peak
bone density is normal, then the time or rate of
bone loss later in life will contribute to the risk of
fracture.

The most common cause of bone loss in other-
wise healthy adults is the loss of estrogen at the
time of menopause, whether a surgical or natural
menopause. Any other cause of estrogen deficiency
will also cause bone loss. This includes drug ther-
apy such as aromatase inhibitors for breast cancer
management, or Depo—Provera for contraception.
The parallel is true in men. Low testosterone at any
age is a contributor to bone loss.

There are numerous secondary causes for oste-
oporosis, some of which affect the bone quantity
(ie, density), and some of which affect the bone
quality, such as microarchitecture or bone mineral
properties. Numerous disease states contribute to
bone loss by a variety of mechanisms. These
include a systemic inflammatory mechanism
such as rheumatoid arthritis, secondary hypogo-
nadism such as seen in Klinefelter syndrome or
Turner syndrome, and nutritional abnormalities
especially of calcium and vitamin D such as seen
in celiac disease. Endocrinopathies can also
contribute to osteoporosis. Examples include hy-
perparathyroidism with a direct increase in bone
resorption, and Cushing syndrome with the effect
of excess glucocorticoids on overall bone health,
especially a decrease in osteoblastic function.
Less common causes of osteoporosis include ge-
netic abnormalities of the bone such as osteogen-
esis imperfecta, which is a defective synthesis of
the bone collagen, or mastocytosis, a disease of
rapid bone loss caused by localized release of in-
flammatory factors.

Numerous medications can also contribute to
osteoporosis, through either a direct effect on
bone or indirect effects through change in sex ste-
roid levels or vitamin D levels. The most common
is chronic use of glucocorticoids such as predni-
sone or hydrocortisone. Drugs that decrease sex
hormone levels include aromatase inhibitors in
breast cancer patients and androgen deprivation
therapy in prostate cancer patients. Many other
drugs also interfere with bone health (Box 2).

The major public health strategy is how to iden-
tify patients who are at risk for future fracture in or-
der to target effective therapy and reduce risk.
There have been multiple recommendations from
a variety of international organizations on how to
identify patients, yet osteoporosis remains inade-
quately diagnosed and treated, especially in
high-risk patients.
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