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BASIC INFORMATION

DEFINITION
Osteoporosis is a systemic skeletal dis-
ease characterized by low bone mass
and microarchitectural deterioration of
bone tissue resulting in reduced bone
strength and increased risk of fracture.
Other definitions:
• Bone strength: bone density plus bone

quality (bone mineral density accounts
for 70% of bone strength)

• Bone density: grams of mineral per
volume

• Bone mineral density: grams of min-
eral per area

• Bone quality: factors that influence
bone strength, including microarchi-
tecture, turnover, damage accumula-
tion, and mineralization

• Microarchitecture: describes number
of trabeculae, trabecular thickness, tra-
becular spacing, etc.
Note: macroarchitecture also affects

bone strength but is not related to osteo-
porosis.

SYNONYMS
None, but osteopenia describes a milder

phase of this disease

ICD-9CM CODES
733.0 Osteoporosis

EPIDEMIOLOGY &
DEMOGRAPHICS
• 44 million adults in the U.S. have ab-

normally low bone mass (osteopenia
or osteoporosis).

• 40% of all women and 25% of all men
will experience a fragility (or low-im-
pact) fracture in their lifetime.

• 80% of all osteoporotic persons are
women.

• Osteoporosis (and osteopenia) ac-
count for 800,000 vertebral compres-
sion fractures, 300,000 hip fractures,
and 250,000 wrist fractures, annually.

• The consequences of those fractures
are significant for the patients:
� The mortality for hip fracture is 24%

in the first 12 months; of those who
survive, 50% fail to regain full am-
bulatory capability and 25% need
long-term institutional care.

� Vertebral fractures can be asympto-
matic but they can also be associ-
ated with back pain (twofold in-
creased risk of back pain associated
with vertebral fractures), reduced
activity or bed rest, 70,000 annual
U.S. hospital admissions, and in-
creased mortality.

• Osteoporotic fractures are responsible
for 4.1 million hospital days, 44.6 mil-
lion nursing home days, and 3.4 mil-
lion outpatient visits and an economic
impact of $20 billion annually.

SECONDARY OSTEOPOROSIS
• Endocrine/metabolic

� Vitamin D deficiency
� Primary hyperparathyroidism
� Thyrotoxicosis
� Hypercortisolism (Cushing’s syn-

drome)
� (Male) hypogonadism
� Type I diabetes mellitus
� Anorexia nervosa
� Hyperprolactinemia
� Porphyria
� Hypophosphatasia

• Gastrointestinal
� Malabsorption syndromes
� Chronic liver disease
� Inflammatory bowel disease

• Malignancies
� Multiple myeloma
� Lymphoma
� Paraneoplastic syndromes
� Other malignancies

• Rheumatoid arthritis and variants
• COPD
• Osteogenesis imperfecta
• Marfan’s syndrome
• Homocystinuria
• Mastocytosis
• Drugs

� Glucocorticoids
� Thyroid hormones
� Antiepileptic drug (e.g., phenytoin

and phenobarbital)
� Loop diuretics
� GNRH antagonists

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS
Differential diagnosis of low bone den-
sity: none
Differential diagnosis of fractures:
• Traumatic fracture resulting from a

force that exceeds the strength of nor-
mal bone

• Pathologic fractures involving a bone
whose strength is weakened by a dis-
ease other than osteoporosis including:
� Primary bone cancer
� Metastatic bone cancer
� Benign bone tumor
� Paget’s disease
� Osteomalacia
� Osteopetrosis and other acquired

causes of brittle bone
• Osteoporotic (or fragility or low im-

pact) fractures

WORKUP
Diagnosis of osteoporosis is made by
densitometry. It is indicated in:
• All women 65 and over
• Postmenopausal women under age 65

with osteoporosis risk factors
• All adults with fragility fractures
• Anyone expected to be treated with

glucocorticoids drugs for longer than 3
months (cumulative)

RISK FACTORS FOR PRIMARY OSTEO-
POROSIS AND FRAGILITY FRACTURES
• Personal history of a prior fragility

fracture is the strongest predictor of a
subsequent fracture regardless of bone
density

• Family history of fracture
• Cigarette smoking
• Low body mass index/poor nutrition
• Female gender
• Early menopause (natural or surgical)
• Age
• Alcoholism
• Low calcium intake
• Sedentary life style
• General fragility
• Race/ethnicity (Whites and Asians at

higher risk than African Americans and
Hispanics.)

• “Excessive” caffeine intake
• History of falls
• Unsteady gait
• Risk factors for falls and unsteady gait

such as impaired vision, vertigo, or-
thostatic hypotension, arthritis, neuro-
logic disorders, dementia medications

PHYSICAL FINDINGS & CLINICAL
PRESENTATION
• Often silent with no signs or symp-

toms. The prevalence of osteoporosis
is 22% in white women ages 60 to 69,
38% in those ages 70 to 79, and 70% in
those older than 80. This means that
osteoporosis should be presumed to
exist in all elderly women until proven
otherwise.

• The most common sign of osteoporo-
sis is height loss. All elderly women
(and probably men also) should be
measured yearly. Most people know
their adult height (or what it used to
be).

• Other signs include thoracic kyphosis
(dowager’s hump), back pain associ-
ated with vertebral compression frac-
tures (osteoporosis without resulting
fractures does not cause back pain),
symptoms/signs associated with the
causes of secondary osteoporosis.

ETIOLOGY
PRIMARY OSTEOPOROSIS
Multifactorial resulting from a combina-
tion of factors including nutrition, peak
bone mass, genetics, level of physical ac-
tivity, age of menopause (spontaneous
vs. surgical), and estrogen status. Post-
menopausal osteoporosis is by far the
most common form of primary osteo-
porosis. Increased bone resorption re-
sults in net bone loss, most rapidly dur-
ing the first 5 years following
menopause. In men, primary osteoporo-
sis is also related to decreasing levels of
sex hormones.

Osteoporosis
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• Selectively in adults with known dis-
eases associated with secondary osteo-
porosis

• Men 70 and older (controversial)
TECHNOLOGIES FOR MEASURING
BONE MINERAL DENSITY (BMD)
• Quantitative ultrasound (QUS)

� Advantages:
1. Low cost
2. Safe (no radiation)

� Disadvantages
1. Only peripheral sites (finger,

wrist, heel)
2. Imprecise

• Dual-energy x-ray absorptiometry
(DXA)
� Advantages

1. The “gold standard”
2. Epidemiologic studies have corre-

lated and standardized BMD data
obtained by DXA with fracture risk

3. Precise
4. Can measure peripheral and cen-

tral sites (hip and spine)
� Disadvantages

1. More costly than QUS
2. Radiation exposure
3. Variable results among different

machines
4. Any dense structure between ra-

diation source and film (e.g., os-
teophytes, vascular calcifications)
will give a false high reading, be-
cause density is measured from a
two-dimensional image

• Quantitative computed tomography
(QCT)
� Advantages

1. Central or peripheral site
2. Precise
3. Measures the intended targeted

bone only as a three-dimensional
structure

� Disadvantages
1. Most expensive technology
2 Radiation exposure
3. Not yet fully standardized

INTERPRETATION
• All BMD measurement results are ex-

pressed in T scores and Z scores re-
gardless of what technology is used.

• World Health Organization Criteria for
the Diagnosis of Osteoporosis
� Normal: T-score ��1
� Osteopenia: T-score �1 to �2.5
� Osteoporosis: T-score ��2.5
� Severe osteoporosis: T-score ��2.5

plus fragility fracture(s)
T SCORES AND Z SCORES
See Fig. 1-27.
DXA values are reported by comparison
to age and gender reference groups with
T scores (standard deviations or percent-
age above or below values for young
normals) and Z scores (standard devia-
tions or percentage above or below age-
matched values). A T score more than 2
standard deviations below young nor-
mals indicates an increased risk of frac-

NONPHARMACOLOGIC THERAPY
RESISTIVE EXERCISES
• Walking
• Rowing machine
• Weight lifting
• Evidence suggests that the strongest

predictor of compliance is enjoyability,
which therefore should always be con-
sidered in providing recommendations.

FALL PREVENTION
• Assess gait and fall risk
• Consider referral for gait training,

lower extremity muscle strengthening,
and balance training

• Home safety evaluation
• Assistive devices as appropriate
• Hip protectors

ture and should lead to consideration of
active therapy to prevent further bone
loss. A Z score of more than 1 to 2 stan-
dard deviations below the age-matched
mean value should prompt a thorough
evaluation for secondary causes of bone
loss.
The workup for secondary causes of os-
teoporosis is presented in Table 1-10.

TREATMENT

See Table 1-11.
The goal of treatment is fracture preven-
tion. The strongest predictors of fracture
are previous fracture, falls, low BMD,
and advancing age (see Fig. 1-28).
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FIGURE 1-27 Natural history of lumbar spine bone mineral density, lumbar spine in
women age 10 to 85. The band is a mean �2 standard deviation representation of bone
density. The X-axis represents age; the Y-axis represents bone density in T scores. The
middle of the ribbon represents a Z score of 0 (i.e., the statistical average woman’s bone
density as she ages).
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FIGURE 1-28 Ten-year probability (%) of hip fracture in women according to age and T
score for bone mineral density at the femoral neck. (Reproduced from Osteoporosis Inter-
national, 13: 527-536, 2002 with permission. All rights reserved.)
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SUPPLEMENTS
• Calcium: provide 1500 mg per day

from diet or supplements.
� Examples of dietary sources include:

1. Milk � 300 mg per cup
2. Yogurt � 350 mg per cup
3. Cheese � 200 mg per oz
4. Broccoli � 100 mg per cup

PHARMACOLOGIC THERAPY
• Indication for treatment (according to

the National Osteoporosis Foundation)
� T score ��2.0 (by central DXA)
� T score ��1.5 (by central DXA)

plus at least one additional fracture
risk factor

� Calcium preparations
1. Calcium carbonate
2. Calcium citrate
3. Calcium gluconate

• Vitamin D: 800 IU per day from diet,
sun exposure, or supplements. Many
calcium supplements also contain vita-
min D

Differential Diagnosis Screening Positive Screen Confirmatory Test

Endocrine/Metabolism

• Hyperparathyroidism
• Low vitamin D state*
• Hypercortisolism

• Hyperthyroidism
• Hypogonadism

Neoplasia

• Multiple myeloma
• Lymphoma
• Leukemia
• Metastatic cancer

Chronic Illness

• Hepatic failure
• Renal failure
• Rheumatoid arthritis

Gastrointestinal

• Malabsorption

Drugs

• Glucocorticoids
• Thyroid hormone
• Loop diuretics
• Dilantin

*In high-risk populations (e.g., nursing home, northern latitude residence) a screening 25-OH-vit D level is recommended.

TABLE 1-10 Workup for the Secondary Cause of Osteoporosis (Low Z Score)

Therapy Dosage

Nonpharmacologic Measures

Calcium 1500 mg/d

Vitamin D 800 IU/d

Exercise (weight bearing) 30 min, 3 days/wk

Pharmacologic Therapies

Risedronate 5 mg/d or 35 mg/wk (prevention and treatment)

Alendronate 5 mg/d or 35 mg/wk (prevention)
10 mg/d or 70 mg/wk (treatment)

Raloxifene 60 mg/d (prevention and treatment)

Salmon calcitonin 200 IU/d intranasally 50-100 IU/d SC or IM (treatment)

HRT/ERT 0.625 mg/d conjugated estrogens in women with bothersome 
menopausal symptoms

Teriparatide 20 mcg/d SC (treatment)

TABLE 1-11 Interventions for the Prevention and Treatment of Postmenopausal Osteoporosis

Parathormone (PTH) level
25-OH-vit D level
overnight dexamethasone
suppression test
TT4, TT3, T3 RU

SPEP, UEP
More imaging
Bone marrow aspirate

Variable
Variable

D-xylose absorption
anemia evaluation

Ca��, Phos
Ca��, Phos
FBS, K�

TSH
Testosterone, FSH, LH in men

CBC, ESR, Ca��, creat
CBC ? Imaging
CBC
N/A

SGPT, Alk Phos, PT
Creat
Steroid use (for longer than 3 months)

CBC, PT, Carotene

Medication history

↑ Ca�� and/or ↓ Phos
Lowish Ca�� and ↓ Phos
↑ FBS, ↓ K�

↓ TSH
↓ testo, ↑ FSH, ↑ LH
↑ FSH, ↑ LH

Anemia, ↑ ESR, ↑ Ca�� or ↑ crest
Anemia, lymphadenopathy
↑ WBC

Abn LFTs
↑ Creat

Anemia, ↑ PT, ↓ carotene
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� Any prior history of fragility verte-
bral or hip fracture: such patients
should be treated even if a DXA is
not available.

• Preventive treatment for osteoporosis
and treatment of osteopenia are con-
troversial.

• Antiresorptive (i.e., antiosteoclastic)
treatments
� Estrogen: effective at the dose of

conjugated estrogens 0.625 mg daily
in preventing hip and vertebral frac-
tures; however, the overall risk out-
weighs the benefit. This treatment is
no longer recommended for osteo-
porosis either as single therapy or
combined with progesterone.

� Selective estrogen receptor modula-
tors (SERM): two drugs, raloxifen 60
mg daily and tamoxifen 20 mg daily,
are available in the U.S.; however,
only raloxifen is approved for the
treatment (and prevention) of osteo-
porosis. Evidence exists that ralox-
ifen is effective in reducing the risk
of vertebral fractures. It is not
known if it can reduce the risk of
hip fracture. Both SERMs reduce the
risk of breast cancer. Side effects are
hot flashes, leg cramps, and in-
creased risk of deep vein thrombo-
sis and of endometrial cancer.

� Calcitonin nasal spray 200 IU per
day reduces the risk of vertebral
fractures. It is not known if it can re-
duce the risk of hip fracture. The
drug is well tolerated, but probably
less effective than other agents.

� Bisphosphonates: several bisphos-
phonates are available, but only
three are widely used from the treat-
ment or prevention of osteoporosis.
They are alendronate (70 mg po
weekly or 10 mg po daily), rise-
dronate (35 mg po weekly or 5 mg
po daily), and ibandronate (150 mg
PO monthly). All three drugs are ef-
ficacious in reducing the risk of ver-
tebral and hip fracture. The princi-
pal side effect for these drugs is
potential esophageal ulceration and
diarrhea. Alendronate may be mar-
ginally more potent at increasing
bone density and risedronate may
have better gastrointestinal tolerabil-
ity, but both drugs are probably in-
terchangeable. They are considered
the first line of pharmacologic treat-
ment for osteoporosis.

• Bone-building treatments (i.e., osteo-
blastic stimulant): recombinant human
parathyroid hormone (rh-PTH or teri-

sion open label studies). Some clinicians
hesitate to treat for longer than 5 years
(for lack of any evidence base), whereas
others treat indefinitely because BMD
declines after treatment withdrawal.
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paratide) is a potent stimulant of osteo-
blastic cells when administered as
pulse therapy. (Continuous exposure
to parathormone stimulates osteoclasts
more than osteoblasts and results in a
net bone loss.) Teriparatide is adminis-
tered at the dose of 20 mcg injected SC
daily and results in a reduction of both
vertebral and nonvertebral fractures
(not specifically hip as is the case for
alendronate and risedronate). The
main concern of teriparatide is its po-
tential to cause osteosarcoma at high
doses in rats. It is also very expensive.

MONITORING TREATMENT
• No evidence exists currently to

demonstrate effectiveness of a moni-
toring strategy. Most clinicians recom-
mend a central DXA at baseline, at 2
years, and at 4 years into treatment
(the technology is not precise enough
to recommend shorter intervals).
Treatment success can be defined by
an improvement or no change in BMD
over time and no fracture. However, a
decline in BMD over time does not
necessarily indicate failure: treatment
trials show efficacy in fracture reduc-
tion compared with placebo even in
subjects with declining BMD.
Nonetheless, many clinicians consider
declining BMD or fracture to be in-
dicative of treatment failure and need
to change treatment. Evidence to sup-
port combined treatment is not con-
vincing.

• Markers of bone turnover are used by
some clinicians to monitor response to
treatment. The most common markers
of bone resorption include acid phos-
phatase, hydroxyproline, and N-
telopeptide (a metabolite of collagen
cross-links). The most common mark-
ers of bone formation are alkaline
phosphatase and osteocalcin. Change
in those markers only takes 3 months
to observe, but such changes correlate
only poorly with fracture risk.

OSTEOPOROSIS IN MEN
Twenty percent of all osteoporotic per-
sons in the U.S. are men. Secondary
causes (e.g., hypogonadism or vitamin D
deficiency) are more likely than in
women who typically have primary os-
teoporosis. Bisphosphonates, calcitonin,
and teriparatide are used to treat osteo-
porotic men; however, only alendronate
and teriparatide are approved.
DURATION OF TREATMENT
Most treatment trials were not conducted
for periods longer than 5 years (alen-
dronate has 10-yr data from trial exten-


