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Osteoporosis: 


Decrease in bone mass per unit volume (density): Results in porous bone and structural deterioration of bone tissue, leading to bone fragility and an increased susceptibility to fractures of the hip, spine, and wrist. 

Imbalance between bone formation and resorption: During childhood and teenage years bone formation is faster than resorption-peak bone mass: 30 yrs. After age 30, bone resorption slowly begins to exceed bone formation. Bone loss is most rapid in the first few years after menopause but persists into the postmenopausal years. Osteoporosis develops when bone resorption occurs too quickly or if replacement occurs too slowly. Osteoporosis is more likely to develop if optimal bone mass not reached in youth.

Osteopenia refers to a decrease in bone mass and may be caused by either osteoporosis (decreased bone density with normal bone mineralization) or osteomalacia (decreased bone matrix mineralization with or without change in bone density.) Although senile osteoporosis remains the most common etiology of osteopenia in the elderly, the presence of severe osteopenia necessitates a comprehensive medical evaluation to identify possible treatable causes (secondary), such as nutritional deficiency, hyperparathyroidism, renal disease, Cushing’s disease, and tumors. The long-term use of glucocorticoids can lead to a loss of bone density and fractures. Other forms of drug therapy that can cause bone loss include long-term treatment with certain antiseizure drugs, such as phenytoin (Dilantin®) and barbiturates; gonadotropin releasing hormone (GnRH) analogs used to treat endometriosis; excessive use of aluminum-containing antacids; certain cancer treatments; and excessive thyroid hormone.
Prevalence 

· 28 million Americans 
· 80% of those affected by osteoporosis are women. 

· 8 million American women and 2 million men have osteoporosis,
· 18 million more have low bone density. 

· One out of two women and one in eight men over age 50 will have an osteoporosis-related fracture in their lifetime. 

· 10% of African-American women over age 50 have osteoporosis; an additional 30% have low bone density that puts them at risk of developing osteoporosis. 

· Significant risk has been reported in people of all ethnic backgrounds. 

· While osteoporosis is often thought of as an older person's disease, it can strike at any age. 

· Affects 45% of women who are 50 years or older.

Osteoporosis is responsible for more than 1.5 million fractures annually, including: 
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	300,000 hip fractures; and approximately 
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	700,000 vertebral fractures, 
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	250,000 wrist fractures, and 
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	300,000 fractures at other sites.  


Cost 

The estimated national direct expenditures (hospitals and nursing homes) for osteoporotic and associated fractures are $13.8 billion ($38 million each day) and the cost is rising. 

Symptoms 

Osteoporosis is often called the "silent disease" because bone loss occurs without symptoms. People may not know that they have osteoporosis until their bones become so weak that a sudden strain, bump, or fall causes a fracture or a vertebra to collapse. Collapsed vertebrae may initially be felt or seen in the form of severe back pain, loss of height, or spinal deformities such as kyphosis.

Risk Factors 

Factors that increase the likelihood of developing osteoporosis:

	
	Being female 

	
	Thin and/or small frame 

	
	Advanced age 

	
	A family history of osteoporosis 

	
	Post menopause, including early or surgically induced menopause 

	
	Abnormal absence of menstrual periods (amenorrhea) 

	
	Anorexia nervosa or bulimia 

	
	A diet low in calcium 

	
	Use of certain medications, such as corticosteroids and anticonvulsants 
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	Low testosterone levels in men  
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	An inactive lifestyle 
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	Cigarette smoking 
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	Excessive use of alcohol 
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	Caucasian or Asian, although African Americans and Hispanics are at significant risk as well 


Women can lose up to 20% of their bone mass in the 5-7 years following menopause, making them more susceptible to osteoporosis.  

Detection 

Bone density tests can measure density in various sites of the body. A bone density test can: 
  

	
	Detect osteoporosis before a fracture occurs 

	
	Predict chances of fracturing in the future 

	
	Determine rate of bone loss and/or monitor the effects of treatment if the test is conducted at intervals of a year or more 


Since demineralization of bone is not apparent on a plain X-ray until about 40 percent of the bone has been lost, different methods of bone density determination were developed by measuring size or shape of different anatomical structures. Grading systems were developed based on the appearance of trabecular patterns. The Singh Index was based on the trabecular pattern in the proximal femur. 

Radiographs were graded 1 through 6 based on the disappearance of the normal trabecular pattern usually seen in the femoral neck. Studies showed a correlation between a Singh Index of less than 3 and fractures of the hip, wrist and spine. Radiographic absorptiometry was developed during the late 1980s as an easy way to determine BMD with plain X-rays. An X-ray of the hand is taken incorporating an aluminum reference wedge. This film is then analyzed and the density of the bone compared to the reference wedge. The correlation between the RA values and the actual density is excellent. 

Single photon absorptiometry 

In the early 1960s, a new method of determining bone density using a radioactive isotope was developed-single photon absorptiometry (SPA). A single energy photon beam was passed through bone and soft tissue to a detector. The amount of mineral in the path could then be quantified. The amount of soft tissue the beam had to penetrate needed to be small so the distal radius was usually utilized. SPA measurements are accurate and the test usually takes about 10 minutes. The radioactive source gradually decays, however, and must be replaced after a time. 

Dual photon absorptiometry 

The principle of dual photon absorptiometry (DPA) is the use of a photon beam that has two distinct energy peaks. One energy peak will be more absorbed by soft tissue and the other by bone. The soft tissue component then can be mathematically subtracted and the BMD thus determined. For the first time, BMD of the spine and proximal femur could be determined. Although accurate for predicting fracture risk, precision is poor due to decay of the isotope, and the machine has limited usefulness in monitoring BMD changes over time. 

Dual-energy X-ray absorptiometry 

Dual-energy X-ray absorptiometry (DXA) works in a similar fashion to DPA, but uses an X-ray source instead of an isotope. This is superior because the radiation source does not decay and the energy stays constant over time. Scan times are much shorter than with DPA and radiation dose is very low. The skin dose for a spine scan is in the range of 3 mrem. DXA scans are extremely precise. Precision in the range of 1 percent to 2 percent has been reported. DXA can be used as an accurate and precise method to monitor changes in bone density in patients undergoing treatments. The first generation DXAs used a pencil beam type scanner. The X-ray source moves with a single detector. Second generation machines use a fan beam scanner that incorporates a group of detectors instead of a single one. These machines are considerably faster and produce a higher resolution image. DXA has become the "gold standard" for BMD measurement today. 

Quantitative computed tomography 

Measurement of BMD by quantitative computed tomography (QCT) uses most standard CT scanners with software packages that allow them to determine bone density in the hip or spine. This technique is unique in that it provides for true three-dimensional imaging and reports BMD as true volume density measurements. The advantage of QCT is its ability to isolate the area of interest from surrounding tissues. It can, therefore, localize an area in a vertebral body of only trabecular bone leaving out the elements most affected by degenerative change and sclerosis. The QCT radiation dose is about 10 times that of DXA and QCT tests may be more expensive than DXA. 

Peripheral bone density testing 

Lower cost portable devices that determine bone mineral density at peripheral sites, such as the radius, the phalanges or the calcaneus are being utilized more and more for osteoporosis screening. The advantage of these devices is the ability to bring bone density assessment to a large portion of the population who otherwise would not be able to have the test. These machines cost considerably less than those that measure the hip and spine. 

One of the problems with peripheral testing is that only one site is tested and low bone density in the hip or spine may be missed. This results because of discordance of bone density between different skeletal sites. Although these peripheral machines are considered accurate, there have been doubts raised about their precision. The reproducibility of peripheral machines may not be good enough to monitor patients undergoing treatment for osteoporosis. 

Discordance in BMD among various skeletal sites is more common in the years just following menopause. BMD may be normal at one site and low at another site. In these early postmenopausal years, bone density in the spine decreases first because the turnover in this highly trabecular bone is higher than other skeletal sites. Bone density at various skeletal sites begins to coincide at about age 70. 

In early postmenopausal women, therefore, up to the age of about 65, the most accurate site to measure is probably the spine. In older women over the age of 65, the concordance of skeletal sites is much closer and it may not make much difference which site is measured. Caution must be used in interpreting spine scans in elderly patients because of degenerative changes falsely elevating the BMD values. Measurements are, however, mostly site specific and the most accurate predictor of fracture risk at any site is a bone density measurement at that site. 

The peripheral devices are, at present, good screening devices because of their portability, availability and lower cost, but patients may still need central testing, even in light of a normal peripheral test. 

Bone density report interpretation 

The main purpose of obtaining a bone density test is determining fracture risk.
The bone mineral density correlates very well with risk of fracture. It is more powerful in predicting fractures than cholesterol is in predicting myocardial infarction or blood pressure in predicting stroke. 

1. Postmenopausal patients not on hormone replacement therapy (HRT), concerned about osteoporosis and concerned about prevention, who would consider HRT, bisphosphonates or SERMs, if a low bone mass is discovered 

2. Maternal history of hip fracture, smoking, tallness (more than 5'7") or thinness (less than 125 pounds) 

3. Patients on medications associated with bone loss 

4. Patients with secondary conditions associated with low bone mass (hyperthyroidism, post transplantation, malabsorption, hyperparathyroidism, alcoholism, etc. 

5. Patients found to have high urinary collagen cross-links (NTx, etc.) 

6. History of previous fragility fracture 

Adapted from Miller PD et al, J of Clin Densitometry, vol. 1, no3, 214, 1998. 

T-score 

The T-score is the number of standard deviations (SD) above or below the young adult mean. The young adult mean is the expected normal value for the patient compared to others of the same sex and ethnicity in a reference population the manufacturer builds into the DXA software. It is approximately what the patient should have been at their peak bone density at about age 20. 

As a general rule, for every SD below normal, the fracture risk doubles. Thus, a patient with a BMD of 1 SD below normal (a T-score of - 1) has 2 times the risk of fracture as a person with a normal BMD. If the T-score is -2 the risk of fracture is 4 times normal. A T-score of -3 is 8 times the normal fracture risk. Patients with a high risk can then be treated and future fractures prevented. 

There are other factors that determine fracture risk such as a person's eyesight, balance, leg strength, and conditions that might cause them to fall more easily. Age itself is an independent risk factor for fracture independent of bone density. Anyone with osteoporosis that has had a previous fragility fracture is considered to have severe osteoporosis and has a very high risk for future fractures. 

Z-score 

The Z-score is the number of standard deviations the patient's bone density is above or below the values expected for the patient's age. By comparing the patient to the expected BMD for his or her own age, the Z score can help classify the type of osteoporosis. Primary osteoporosis is age-related where no secondary causes are found. Secondary osteoporosis occurs when underlying agents or conditions induce bone loss. Some common causes of secondary osteoporosis are thyroid or parathyroid abnormalities, malabsorption, alcoholism, smoking and the use of certain medications especially corticosteroids. 

A Z-score lower then -1.5 should make you suspicious of secondary osteoporosis. If secondary causes are suspected, the patient should usually undergo further work up including laboratory testing to find out if there is an underlying reason for the osteoporosis. This is important because treating the underlying condition may be necessary to correct the low bone density. 

Prevention 

By about age 20, the average woman has acquired 98% of her skeletal mass. Building strong bones during childhood and adolescence can be the best defense against developing osteoporosis later. There are four steps to prevent osteoporosis. No one step alone is enough to prevent osteoporosis but all four may. They are:
	1
	A balanced diet rich in calcium and vitamin D: Calcium. An inadequate supply of calcium over the lifetime is thought to play a significant role in contributing to the development of osteoporosis. Many published studies show that low calcium intakes appear to be associated with low bone mass, rapid bone loss, and high fracture rates. National nutrition surveys have shown that many people consume less than half the amount of calcium recommended to build and maintain healthy bones. Good sources of calcium include low fat dairy products, such as milk, yogurt, cheese and ice cream; dark green, leafy vegetables, such as broccoli, collard greens, and spinach; sardines and salmon with bones; tofu; almonds; and foods fortified with calcium, such as orange juice, cereals and breads. Vitamin D. Vitamin D plays an important role in calcium absorption and in bone health. It is synthesized in the skin through exposure to sunlight. While many people are able to obtain enough vitamin D naturally, studies show that vitamin D production decreases in the elderly, in people who are housebound, and during the winter. These individuals may require vitamin D supplementation to ensure a daily intake of between 400 to 800 IU of vitamin D. Massive doses are not recommended.  

 

	2
	Weight-bearing exercise: not only reduces bone loss-increases muscle mass and improves neuromuscular coordination 

	3
	A healthy lifestyle with no smoking and limited alcohol intake, and 

	4
	Bone density testing and medication, when appropriate 


Calcium needs change during one's lifetime. The body's demand for calcium is greater during childhood and adolescence, when the skeleton is growing rapidly, and during pregnancy and breastfeeding. Postmenopausal women and older men also need to consume more calcium. This may be caused by inadequate amounts of vitamin D, which is necessary for intestinal absorption of calcium. Also, as you age, your body becomes less efficient at absorbing calcium and other nutrients. Older adults also are more likely to have chronic medical problems and to use medications that may impair calcium absorption.  

	Recommended Calcium Intakes (mg/day) 

	National Academy of Sciences (1997) 
	National Institutes of Health (1994) 

	Ages 
	 
	 
	

	Birth-6 months 
	210 
	Birth-6 months 
	400 

	6 months-1 year 
	270 
	6 months-1 year 
	600 

	1-3 
	500 
	1-10 
	800-1200 

	4-8 
	800 
	11-24 
	1200-1500 

	9-13 
	1300 
	25-50 (women & men) 
	1000 

	14-18 
	1300 
	51-64 (women on ERT & men) 
	1000 

	19-30 
	1000 
	51+ (women not on ERT) 
	1500 

	31-50 
	1000 
	65 or older 
	1500 

	51-70 
	1200 
	 
	 

	70 or older 
	1200 
	 
	 

	
	
	
	

	 Pregnant or lactating 
	1000 
	Pregnant or lactating 
	1200-1500 

	14 - 18 
	1300 
	 
	 

	 19 - 50 
	1000 
	 
	 



  Fractures 

· The most typical sites of fractures related to osteoporosis are the hip, spine, wrist, and ribs, although the disease can affect any bone in the body. 

· The rate of hip fractures is two to three times higher in women than men; however the one year mortality following a hip fracture is nearly twice as high for men as for women. 

· A woman's risk of hip fracture is equal to her combined risk of breast, uterine and ovarian cancer. 

· In 1991, about 300,000 Americans age 45 and over were admitted to hospitals with hip fractures. Osteoporosis was the underlying cause of most of these injuries. 

· An average of 24% of hip fracture patients age 50 and over die in the year following their fracture. 

· One-fourth of those who were ambulatory before their hip fracture require long-term care afterward. 

· White women 65 or older have twice the incidence of fractures as African-American women. 

Medications 

Although there is no cure for osteoporosis, the following medications are approved by the FDA for postmenopausal women to prevent and/or treat osteoporosis:
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	Estrogens (brand names such as Premarin®, Ogen®, Estrace®, Estraderm®, Estratab®, Prempro® and others) 
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	Alendronate (brand name Fosamax®) is also approved as a treatment for men. 
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	Calcitonin (brand name Miacalcin®) 
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	Raloxifene (brand name Evista®) 

	
	Risedronate (brand name Actonel®) 
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	Alendronate is approved for treatment of glucocorticoid-induced osteoporosis in men and women. Risedronate is approved for prevention and treatment of glucocorticoid-induced osteoporosis in men and women. 
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	Treatments under investigation include sodium fluoride, vitamin D metabolites, parathyroid hormone, and other bisphosphonates and SERMs. 


Currently, the U. S. Food and Drug Administration (FDA) approve estrogen, calcitonin, alendronate, raloxifene, and risedronate for the treatment of postmenopausal osteoporosis.  Estrogen, alendronate, risedronate, and raloxifene are approved for the prevention of the disease.  Alendronate is approved for the treatment of osteoporosis in men. Alendronate and risedronate are approved for glucocorticoid-induced osteoporosis.  

Estrogen. Estrogen replacement therapy (ERT) has been shown to reduce bone loss, increase bone density in both the spine and hip, and reduce the risk of hip and spinal fractures in postmenopausal women. ERT is administered most commonly in the form of a pill or skin patch and is effective even when started after age 70. When estrogen is taken alone, it can increase a woman's risk of developing cancer of the uterine lining (endometrial cancer). ERT/HRT relieves menopause symptoms Experts recommend ERT for women at high risk for osteoporosis. ERT is approved for both the prevention and treatment of osteoporosis. ERT is especially recommended for women whose ovaries were removed before age 50. Women who have experienced natural menopause and have multiple osteoporosis risk factors, such as early menopause, family history of osteoporosis, or below normal bone mass for their age should also consider estrogen replacement.

Warning: Combination estrogen/progestin increased risk of breast cancer, strokes, and heart attacks: NIH 2002

 Raloxifene. Raloxifene (brand name "Evista") is a drug that is approved for the prevention and treatment of osteoporosis. It is from a new class of drugs called Selective Estrogen Receptor Modulators (SERMs) that appear to prevent bone loss at the spine, hip, and total body. Raloxifene has been shown to have beneficial effects on bone mass and bone turnover and can reduce the incidence of vertebral fractures by 30-50%. While side effects are not common with raloxifene, those reported include hot flashes and deep vein thrombosis, the latter of which is also associated with estrogen therapy. Additional research studies on raloxifene will be ongoing for several more years.  

Alendronate. Alendronate (brand name "Fosamax") is a medication from the class of drugs called bisphosphonates. Like estrogen and raloxifene, alendronate is approved for both the prevention and treatment of osteoporosis. Alendronate is also used to treat the bone loss from glucocorticoid medications like prednisone or cortisone and is approved for the treatment of osteoporosis in men. In postmenopausal women with osteoporosis, the bisphosphonate alendronate reduces bone loss, increases bone density in both the spine and hip, and reduces the risk of both spine fractures and hip fractures. Side effects from alendronate are uncommon, but may include abdominal or musculoskeletal pain, nausea, heartburn, or irritation of the esophagus. The medication should be taken on an empty stomach and with a full glass of water first thing in the morning. After taking alendronate, it is important to wait in an upright position for at least one-half hour, or preferably one hour, before the first food, beverage, or medication of the day.  

Calcitonin. Calcitonin is a naturally occurring non-sex hormone involved in calcium regulation and bone metabolism. In women who are at least 5 years beyond menopause, calcitonin slows bone loss, increases spinal bone density, and according to anecdotal reports, relieves the pain associated with bone fractures. Calcitonin reduces the risk of spinal fractures and may reduce hip fracture risk as well. Studies on fracture reduction are ongoing. Calcitonin is currently available as an injection or nasal spray. While it does not affect other organs or systems in the body, injectable calcitonin may cause an allergic reaction and unpleasant side effects including flushing of the face and hands, urinary frequency, nausea, and skin rash. The only side effect reported with nasal calcitonin is a runny nose.  

Risedronate.  Risedronate sodium (brand name Actonel®) is approved for the prevention and treatment of osteoporosis in postmenopausal women and for the prevention and treatment of glucocorticoid-induced osteoporosis in both men and women.  Risedronate, a bisphosphonate, has been shown to slow or stop bone loss, increase bone mineral density and reduce the risk of spine and non-spine fractures.  In clinical trials, side effects of risedronate were minimal to moderate and those that were reported occurred equally among people taking the medication and those taking a placebo.  Risedronate should be taken with a glass of water at least 30 minutes before the first food or beverage of the day other than water.  After taking risedronate, it is important to remain in an upright position and refrain from eating for at least 30 minutes. 

Parathyroid Hormone

Rh Human PTH (Forteo) (subcutaneous)
Neer NEJM 2001
Randomized study: 1600 pts

· Doubled normal rate of bone formation

· Stimulates osteoblastic activity

· Reduced risk of new spine FX by 70%

· FDA advisory panel rec. approval
Estren


Animal study (mice) Science 2002

Beneficial effects (anti-resorption) of estrogen without side effects (cancer, strokes, and heart disease)

Summary

1. Advise all to exercise (aerobic-weight bearing), Calcium (1500 mg/day), Vit. D (400 IU/day)

2. Postmenopausal women with a fracture-bone mineral testing

a. Routine testing of all women 60-65 yrs.

i. Annals of Internal Medicine 2002

ii. US Preventive Services Task Force-recommendation

3. If T-score < -2 (1.5 with risk factors) start therapy-hormone replacement, alendronate, raloxifene, calcitonin

