OSTEOPOROSIS
Osteoporosis is a reduction in bone mineral density (BMD) resulting in increased bone fragility leading to an increased risk of fracture.  Eighty percent of the ten million Americans with osteoporosis are women, and more than a million and a half will have a fracture with significant consequences physically, emotionally, and financially.   As many as 20% of those who have a hip fracture will die in the first year after a fracture from complications such as pneumonia or thromboembolic events, more than half of those who survive will have impaired mobility, and a quarter will need long-term nursing home care. 
The skeleton is being continually remodeled through simultaneous resorption and formation of bone.  Osteoclasts remove bone while osteoblasts are responsible for laying down new bone.  Estrogen deficiency influences the dynamics regulating osteoclasts and osteoblasts at menopause resulting in a rapid loss of bone 2 years before the cessation of menses and continuing 5 years post menopause.  Osteoblasts produce several proteins involved in bone remolding including receptor activator nuclear factor-kappa B ligand (RANKL) and osteoprotogerin (OPG).  The ratios between these two proteins control the rate of bone resorption:  RANKL stimulates the production of osteoclasts and OPG inhibits osteoclast formation.  In an estrogen depletion state there is a down-regulation OPG expression causing increased osteoclastic bone resorption leading to decreased bone mass.

When to Screen with DEXA
The WHO fracture risk assessment tool (FRAX) tool takes into account the following risk factors: Advancing age, previous fracture,  glucocorticoid therapy,  parental history of hip fracture,  low body weight,  current cigarette smoking,  excessive alcohol consumption,  rheumatoid arthritis or risk of secondary osteoporosis (eg, hypogonadism or premature menopause, malabsorption, chronic liver disease, inflammatory bowel disease).
The FRAX is readily available online to calculate a 10 year risk of fractures, and offers guidance on when to order a DEXA and when to treat. 

The United State Preventive Services Task Force (USPSTF) recommends BMD screening for osteoporosis should be done for all women over 65 years old and at age 60 if there are risk factors.  The National Osteoporosis Foundation recommends BMD testing for all women over 65 and for postmenopausal women younger than 65 years with 1 or more risk factors or a history of a fragility fracture.

Risk Factors for Developing Osteoporosis  
· Increasing age (> 65 years old)

· Personal history or family history of osteoporosis

· Previous fragility fracture after age 50

· Low bone mineral density  ( T-score < -1.5)

· Premature menopause

· Amenorrhea (before the age 45 and lasting >6 months)

· Ethnic origin (Asian or Caucasian)

· Low body mass index (BMI) <20Kg/m2
· Lifestyle issues (e.g., cigarette smoking, eating disorders, and excessive alcohol consumption)

· Low dietary calcium intake or Vitamin D deficiency  

· Medical conditions (e.g., hyperparathyroidism, hyperthyroidism, malnutrition, 


rheumatoid arthritis, diabetes, chronic liver or renal disease)

· Medications (e.g., glucocorticoids, heparin therapy, tamoxifen, aromatase inhibitors, cyclosporine, gonadotropin releasing hormone, antineoplastic agents, proton pump inhibitors, aluminum-containing antacids, phenytoin, and Phenobarbital)

Diagnostic Testing

Interpretation of BMD testing results is based on criteria established by the World Health Organization (WHO).  The density measurements are reported as a T-score and Z-score. The T-score represents the standard deviation (SD) for bone density for the individual being tested compared to a 30 year old with maximum bone density.  The Z‑score is the SD for the individual being tested compared to age matched reference data.  The T-score is used to diagnose osteoporosis:  one SD difference in this score equals a 10-15% loss in bone density.  Osteopenia is classified as a BMD between -1 and -2.5 and osteoporosis as a BMD < -2.5.  The dual x-ray absorptiometry (DEXA) is a sensitive and accurate test for measuring BMD.  
Treatment of Osteoporosis

Non-pharmacologic Interventions:  The management of osteoporosis should begin with prevention including physical activity, nutrition, lifestyle changes (smoking cessation and limiting alcohol consumption), and fall prevention.  Aerobic exercise, weight training, strength training and stretching have been shown to produce a modest increase in BMD.  Patients should be encouraged to exercise 30 to 60 minutes 3 times a week.

Pharmacologic Interventions:  Calcium and vitamin D are critical for maintaining bone mass and are essential elements in osteoporosis prevention and treatment.  Vitamin D is necessary for intestinal absorption of calcium, and combining vitamin D supplementation with calcium has been shown to reduce risk fracture. Estrogens are effective but supplementation is limited by various toxicities. A brief summary of available options:
Recommendations for Medical Treatments
Calcium dosage:
■ Over 50 years old 1,000 to 1,500 mg/day (adjusted according to 



dietary calcium intake) 

Vitamin D dosage:
■ 800 IU/day

	Initial treatment: Bisphosphonate  (oral)

1. Alendronate (Fosamax)

2. Risedronate (Actonel)

3. Ibandronate (Boniva)


	 70 mg po weekly for postmenopausal osteoporosis and 35 mg weekly for prevention of postmenopausal osteoporosis

35 mg tablet weekly,

or 150 mg once a month

2.5 mg tablet daily or 150 mg once monthly
	Original FDA approval 1995 for treatment of established postmenopausal osteoporosis; 1997 approved for prevention of osteoporosis in postmenopausal women; approved 1999 for women receiving glucocorticosteroids and have low BMD; 

Approved 2000 for the treatment and prevention of postmenopausal osteoporosis and glucocorticoid-induced osteoporosis

Approved 2003 in original form; approved 2005 as monthly therapy

Approved 2005 as monthly therapy


	All agents in class:  Most commonly reported side effects for all oral bisphosphonates include gastrointestinal effects such as heartburn, irritation of the esophagus.  Recommended to take the medication first thing in the morning on an empty stomach with a full glass of tap water.  Do not take with other beverages such as orange juice, milk or coffee.  After taking oral bisphosphonates, the patient must remain in an upright (sitting or standing position) and avoid bending or lying down for at least thirty minutes.

Osteonecrosis of the jaw (a rare side effect) can occur in patients on bisphosphonate therapy – but most reports are in cancer patients on IV forms

Musculoskeletal pain

Should be taken at least sixty minutes before first food and drink, and stay upright for sixty minutes following the dose.

	If cannot tolerate oral bisphosphontates: 
Zoledronic acid (Zometa)
	Intravenous infusion over 30-60 minutes, once a year


	Approved 2007 for the treatment of postmenopausal osteoporosis


	Renal toxicity; serum creatinine should be measured prior to each dose.  Hydration should be given with each dose or patients should be told to drink at least several glasses of fluid before each dose.  Hypocalcemia may occur.  Osteonecrosis of the jaw is a rare side effect which can occur with bisphosphonates. Severe muscle, bone and joint pain has occurred with administration of zoledronic acid. Common side effects include flu-like symptoms, fever, pain, or headache.

	Alternate therapy:

Raloxifene (Evista) 
	60 mg tablet daily
	Approved 1997 for the prevention of osteoporosis in postmenopausal women

Approved 2007 for reducing risk of breast cancer in postmenopausal women with osteoporosis or at high risk for breast cancer 
	Most commonly reported side effects are hot flashes and leg cramps; the most serious side effect is an increased risk of venous thromboembolic events (VTEs), with a reported  2.5 fold increase (similar to women on hormone replacement therapy).  Women with a history of blood clots should not use raloxifene. May have a protective effect against breast cancer recurrence.

	For severe osteoporosis: 

Teriparatide

(Forteo)
	20 mcg injected SQ daily for 18 months
	Approved 2002 for the treatment of osteoporosis in postmenopausal women at high risk for fracture
	Side effects include nausea, dizziness, and leg cramps; patients who have been diagnosed with bone cancer or other cancers that could spread to the bones should not use teriparatide.  Treatment should not last longer than two years. Patients should stop bisphosphonates while they are taking forteo, then resume afterwards

	Denosumab
	SQ injection every 6 months
	
	Blocks RANKL stimulation of osteoclasts. Alternate to Forteo
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