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Introduction
The National Institutes of Health (NIH) sponsored a Consensus Development Conference on Osteoporosis Prevention, Diagnosis, and Therapy on March 27-29, 2000.

Osteoporosis is a major threat to Americans. In the United States today, 10 million individuals already have osteoporosis, and 18 million more have low bone mass, placing them at increased risk for this disorder.

Osteoporosis, once thought to be a natural part of aging among women, is no longer considered age or gender-dependent. It is largely preventable due to the remarkable progress in the scientific understanding of its causes, diagnosis, and treatment. Optimization of bone health is a process that must occur throughout the lifespan in both males and females. Factors that influence bone health at all ages are essential to prevent osteoporosis and its devastating consequences.
To clarify the factors associated with prevention, diagnosis, and treatment, and to present the latest information about osteoporosis, the NIH organized this conference. After 1 1/2 days of presentations and audience discussion addressing the latest in osteoporosis research, an independent, non-Federal consensus development panel weighed the scientific evidence and wrote this draft statement that was presented to the audience on the third day. The consensus development panel's statement addressed the following key questions:

1. What is osteoporosis and what are its consequences? 

2. How do risks vary among different segments of the population? 

3. What factors are involved in building, maintaining skeletal health throughout life? 

4. What is the optimal evaluation and treatment of osteoporosis and fractures? 

5. What are the directions for future research? 

The primary sponsors of this meeting were the National Institute of Arthritis and Musculoskeletal and Skin Diseases and the NIH Office of Medical Applications of Research. The conference was cosponsored by the National Institute on Aging; National Institute of Diabetes and Digestive and Kidney Diseases; National Institute of Dental and Craniofacial Research; National Institute of Child Health and Human Development; National Institute of Nursing Research; National Institute of Environmental Health Sciences; National Heart, Lung, and Blood Institute; NIH Office of Research on Women's Health; and Agency for Healthcare Research and Quality. 

1. What is osteoporosis and what are its consequences?
Osteoporosis is defined as a skeletal disorder characterized by compromised bone strength predisposing to an increased risk of fracture. Bone strength reflects the integration of two main features: bone density and bone quality. Bone density is expressed as grams of mineral per area or volume and in any given individual is determined by peak bone mass and amount of bone loss. Bone quality refers to architecture, turnover, damage accumulation (e.g., microfractures) and mineralization. A fracture occurs when a failure-inducing force (e.g., trauma) is applied to osteoporotic bone. Thus, osteoporosis is a significant risk factor for fracture, and a distinction between risk factors that affect bone metabolism and risk factors for fracture must be made.

It is important to acknowledge a common misperception that osteoporosis is always the result of bone loss. Bone loss commonly occurs as men and women age; however, an individual who does not reach optimal (i.e., peak) bone mass during childhood and adolescence may develop osteoporosis without the occurrence of accelerated bone loss. Hence sub-optimal bone growth in childhood and adolescence is as important as bone loss to the development of osteoporosis.

Currently there is no accurate measure of overall bone strength. Bone mineral density (BMD) is frequently used as a proxy measure and accounts for approximately 70 percent of bone strength. The World Health Organization (WHO) operationally defines osteoporosis as bone density 2.5 standard deviations below the mean for young white adult women. It is not clear how to apply this diagnostic criterion to men, children, and across ethnic groups. Because of the difficulty in accurate measurement and standardization between instruments and sites, controversy exists among experts regarding the continued use of this diagnostic criterion.

Osteoporosis can be further characterized as either primary or secondary. Primary osteoporosis can occur in both genders at all ages but often follows menopause in women and occurs later in life in men. In contrast, secondary osteoporosis is a result of medications, other conditions, or diseases. Examples include glucocorticoid-induced osteoporosis, hypogonadism, and celiac disease.

The consequences of osteoporosis include the financial, physical, and psychosocial, which significantly affect the individual as well as the family and community. An osteoporotic fracture is a tragic outcome of a traumatic event in the presence of compromised bone strength, and its incidence is increased by various other risk factors. Traumatic events can range from high-impact falls to normal lifting and bending. The incidence of fracture is high in individuals with osteoporosis and increases with age. The probability that a 50-year-old will have a hip fracture during his or her lifetime is 14 percent for a white female and 5 to 6 percent for a white male. The risk for African Americans is much lower at 6 percent and 3 percent for 50-year-old women and men, respectively. Osteoporotic fractures, particularly vertebral fractures, can be associated with chronic disabling pain. Nearly one-third of patients with hip fractures are discharged to nursing homes within the year following a fracture. Notably, one in five patients is no longer living 1 year after sustaining an osteoporotic hip fracture. Hip and vertebral fractures are a problem for women in their late 70s and 80s, wrist fractures are a problem in the late 50s to early 70s, and all other fractures (e.g., pelvic and rib) are a problem throughout postmenopausal years. The impact of osteoporosis on other body systems, such as gastrointestinal, respiratory, genitourinary, and craniofacial, is acknowledged, but reliable prevalence rates are unknown.

Hip fracture has a profound impact on quality of life, as evidenced by findings that 80 percent of women older than 75 years preferred death to a bad hip fracture resulting in nursing home placement. However, little data exist on the relationship between fractures and psychological and social well-being. Other quality-of-life issues include adverse effects on physical health (impact of skeletal deformity) and financial resources. An osteoporotic fracture is associated with increased difficulty in activities of daily life, as only one-third of fracture patients regain pre-fracture level of function and one-third require nursing home placement. Fear, anxiety, and depression are frequently reported in women with established osteoporosis and such consequences are likely under-addressed when considering the overall impact of this condition.

Direct financial expenditures for treatment of osteoporotic fracture are estimated at $10 to $15 billion annually. A majority of these estimated costs are due to in-patient care but do not include the costs of treatment for individuals without a history of fractures, nor do they include the indirect costs of lost wages or productivity of either the individual or the caregiver. More needs to be learned about these indirect costs, which are considerable. Consequently, these figures significantly underestimate the true costs of osteoporosis.


2. How do risks vary among different segments of the population?
Gender/Ethnicity
The prevalence of osteoporosis, and incidence of fracture, varies by gender and race/ ethnicity. White postmenopausal women experience almost three-quarters of hip fractures and have the highest age-adjusted fracture incidence. Most of the information regarding diagnosis and treatment is derived from research on this population. However, women of other age, racial, and ethnic groups, and men and children, are also affected. Much of the difference in fracture rates among these groups appears to be explained by differences in peak bone mass and rate of bone loss; however, differences in bone geometry, frequency of falls, and prevalence of other risk factors appear to play a role as well.

Both men and women experience an age-related decline in BMD starting in midlife. Women experience more rapid bone loss in the early years following menopause, which places them at earlier risk for fractures. In men, hypogonadism is also an important risk factor. Men and perimenopausal women with osteoporosis more commonly have secondary causes for the bone loss than do postmenopausal women.

African American women have higher bone mineral density than white non-Hispanic women throughout life, and experience lower hip fracture rates. Some Japanese women have lower peak BMD than white non-Hispanic women, but have a lower hip fracture rate; the reasons for which are not fully understood. Mexican American women have bone densities intermediate between those of white non-Hispanic women and African American women. Limited available information on Native American women suggests they have lower BMD than white non-Hispanic women.

Risk Factors
Risks associated with low bone density are supported by good evidence, including large prospective studies. Predictors of low bone mass include female gender, increased age, estrogen deficiency, white race, low weight and body mass index (BMI), family history of osteoporosis, smoking, and history of prior fracture. Use of alcohol and caffeine-containing beverages is consistently associated with decreased bone mass. In contrast, some measures of physical function and activity have been associated with increased bone mass, including grip strength and current exercise. Levels of exercise in childhood and adolescence have an inconsistent relationship to BMD later in life. Late menarche, early menopause, and low endogenous estrogen levels are also associated with low BMD in several studies.

Although low BMD has been established as an important predictor of future fracture risk, the results of many studies indicate that clinical risk factors related to risk of fall also serve as important predictors of fracture. Fracture risk has been consistently associated with a history of falls, low physical function such as slow gait speed and decreased quadriceps strength, impaired cognition, impaired vision, and the presence of environmental hazards (e.g., throw rugs). Increased risk of a fracture with a fall includes a fall to the side and attributes of bone geometry, such as tallness, hip axis, and femur length. Some risks for fracture, such as age, a low BMI, and low levels of physical activity, probably affect fracture incidence through their effects on both bone density and propensity to fall and inability to absorb impact.

Results of studies of persons with osteoporotic fractures have led to the development of models of risk prediction, which incorporate clinical risk factors along with BMD measurements. Results from the Study of Osteoporotic Fractures (SOF), a large longitudinal study of postmenopausal, white non-Hispanic women, suggest that clinical risk factors can contribute greatly to fracture risk assessment. In this study, 14 clinical risk factors predictive of fracture were identified. The presence of five or more of these factors increased the rate of hip fracture for women in the highest tertile of BMD from 1.1 per 1,000 woman-years to 9.9 per 1,000 woman-years. Women in the lowest tertile of BMD with no other risk factors had a hip fracture rate of 2.6 per 1,000 woman-years as compared with 27.3 per 1,000 woman-years with five or more risk factors present. A second model, derived from the Rotterdam study, predicted hip fractures using a smaller number of variables, including gender, age, height, weight, use of a walking aid, and current smoking. However, these models have not been validated in a population different from that in which they were derived.

Secondary Osteoporosis
A large number of medical disorders are associated with osteoporosis and increased fracture risk. These can be organized into several categories: genetic disorders, hypogonadal states, endocrine disorders, gastrointestinal diseases, hematological disorders, connective tissue disease, nutritional deficiencies, drugs, and a variety of other common serious chronic systemic disorders, such as congestive heart failure, end-stage renal disease, and alcoholism.

The distribution of the most common causes appears to differ by demographic group. Among men, 30 to 60 percent of osteoporosis is associated with secondary causes; with hypogonadism, glucocorticoids, and alcoholism the most common. In perimenopausal women, more than 50 percent is associated with secondary causes, and the most common causes are hypoestrogenemia, glucocorticoids, thyroid hormone excess, and anticonvulsant therapy. In postmenopausal women, the prevalence of secondary conditions is thought to be much lower, but the actual proportion is not known. In one study, hypercalciuria, hyperparathyroidism, and malabsorption were identified in a group of white postmenopausal osteoporotic women who had no history of conditions that cause bone loss. These data suggest that additional testing of white postmenopausal women with osteoporosis may be indicated, but an appropriate or cost-effective evaluation strategy has not been determined.

Glucocorticoid use is the most common form of drug-related osteoporosis, and its long-term administration for disorders such as rheumatoid arthritis and chronic obstructive pulmonary disease is associated with a high rate of fracture. For example, in one study, a group of patients treated with 10 mg of prednisone for 20 weeks experienced an 8 percent loss of BMD in the spine. Some experts suggest that any patient who receives orally administered glucocorticoids (such as Prednisone) in a dose of 5 mg or more for longer than 2 months is at high risk for excessive bone loss.

People who have undergone organ transplant are at high risk for osteoporosis due to a variety of factors, including pre-transplant organ failure and use of glucocorticoids after transplantation.

Hyperthyroidism is a well-described risk factor for osteoporosis. In addition, some studies have suggested that women taking thyroid replacement may also be at increased risk for excess bone loss, suggesting that careful regulation of thyroid replacement is important.

Children and Adolescents
Several groups of children and adolescents may be at risk for compromised bone health. Premature and low birth weight infants have lower-than-expected bone mass in the first few months of life, but the long-term implications are unknown.

Glucocorticoids are now commonly used for the treatment of a variety of common childhood inflammatory diseases, and the bone effects of this treatment need to be considered when steroid use is required chronically. The long-term effects on bone health of intermittent courses of systemic steroids or the chronic use of inhaled steroids, as are often used in asthma, are not well described.

Cystic fibrosis, celiac disease, and inflammatory bowel disease are examples of conditions associated with malabsorption and resultant osteopenia in some individuals. The osteoporosis of cystic fibrosis is also related to the frequent need for corticosteroids as well as to other undefined factors.

Hypogonadal states, characterized clinically by delayed menarche, oligomenorrhea, or amenorrhea, are relatively common in adolescent girls and young women. Settings in which these occur include strenuous athletic training, emotional stress, and low body weight. Failure to achieve peak bone mass, bone loss, and increased fracture rates have been shown in this group. Anorexia nervosa deserves special mention. Although hypogonadism is an important feature of the clinical picture, the profound under nutrition and nutrition-related factors are also critical. This latter point is evidenced, in part, by the failure of estrogen replacement to correct the bone loss.

Residents of Long-Term Care (LTC) Facilities
Residents of nursing homes and other long-term care facilities are at particularly high risk of fracture. Most have low BMD and a high prevalence of other risk factors for fracture, including advanced age, poor physical function, low muscle strength, decreased cognition and high rates of dementia, poor nutrition, and, often, use of multiple medications.


3. What factors are involved in building and maintaining skeletal health throughout life? 
Growth in bone size and strength occurs during childhood, but bone accumulation is not completed until the third decade of life, after the cessation of linear growth. The bone mass attained early in life is perhaps the most important determinant of life-long skeletal health. Individuals with the highest peak bone mass after adolescence have the greatest protective advantage when the inexorable declines in bone density associated with increasing age, illness, and diminished sex-steroid production take their toll. Bone mass may be related not only to osteoporosis and fragility later in life but also to fractures in childhood and adolescence. Genetic factors exert a strong and perhaps predominant influence on peak bone mass, but physiological, environmental, and modifiable lifestyle factors can also play a significant role. Among these are adequate nutrition and body weight, exposure to sex hormones at puberty, and physical activity. Thus, maximizing bone mass early in life presents a critical opportunity to reduce the impact of bone loss related to aging. Childhood is also a critical time for the development of lifestyle habits conducive to maintaining good bone health throughout life. Cigarette smoking, which usually starts in adolescence, may have a deleterious effect on achieving bone mass.

Nutrition
Good nutrition is essential for normal growth. A balanced diet, adequate calories, and appropriate nutrients are the foundation for development of all tissues, including bone. Adequate and appropriate nutrition is important for all individuals, but not all follow a diet that is optimal for bone health. Supplementation of calcium and vitamin D may be necessary. In particular, excessive pursuit of thinness may affect adequate nutrition and bone health.

Calcium is the specific nutrient most important for attaining peak bone mass and for preventing and treating osteoporosis. Sufficient data exist to recommend specific dietary calcium intakes at various stages of life. Although the Institute of Medicine recommends calcium intakes of 800 mg/day for children ages 3 to 8 and 1,300 mg/day for children and adolescents ages 9 to 17, only about 25 percent of boys and 10 percent of girls ages 9 to 17 are estimated to meet these recommendations. Factors contributing to low calcium intakes are restriction of dairy products, a generally low level of fruit and vegetable consumption, and a high intake of low calcium beverages such as sodas. For older adults, calcium intake should be maintained at 1,000 to 1,500 mg/day, yet only about 50 to 60 percent of this population meets this recommendation.

Vitamin D is required for optimal calcium absorption and thus is also important for bone health. Most infants and young children in the United States have adequate vitamin D intake because of supplementation and fortification of milk. During adolescence, when consumption of dairy products decreases, vitamin D intake is less likely to be adequate, and this may adversely affect calcium absorption. A recommended vitamin D intake of 400 to 600 IU/day has been established for adults.

Other nutrients have been evaluated for their relation to bone health. High dietary protein, caffeine, phosphorus, and sodium can adversely affect calcium balance, but their effects appear not to be important in individuals with adequate calcium intakes.

Exercise
Regular physical activity has numerous health benefits for individuals of all ages. The specific effects of physical activity on bone health have been investigated in randomized clinical trials and observational studies. There is strong evidence that physical activity early in life contributes to higher peak bone mass. Some evidence indicates that resistance and high impact exercise are likely the most beneficial. Exercise during the middle years of life has numerous health benefits, but there are few studies on the effects of exercise on BMD. Exercise during the later years, in the presence of adequate calcium and vitamin D intake, probably has a modest effect on slowing the decline in BMD. It is clear that exercise late in life, even beyond 90 years of age, can increase muscle mass and strength twofold or more in frail individuals. There is convincing evidence that exercise in elderly persons also improves function and delays loss of independence and thus contributes to quality of life. Randomized clinical trials of exercise have been shown to reduce the risk of falls by approximately 25 percent, but there is no experimental evidence that exercise affects fracture rates. It also is possible that regular exercisers might fall differently and thereby reduce the risk of fracture due to falls, but this hypothesis requires testing.

Gonadal Steroids
Sex steroids secreted during puberty substantially increase BMD and peak bone mass. Gonadal steroids influence skeletal health throughout life in both women and men. In adolescents and young women, sustained production of estrogens is essential for the maintenance of bone mass. Reduction in estrogen production with menopause is the major cause of loss of BMD during later life. Timing of menarche, absent or infrequent menstrual cycles, and the timing of menopause influence both the attainment of peak bone mass and the preservation of BMD. Testosterone production in adolescent boys and men is similarly important in achieving and maintaining maximal bone mass. Estrogens have also been implicated in the growth and maturation of the male skeleton. Pathologic delay in the onset of puberty is a risk factor for diminished bone mass in men. Disorders that result in hypogonadism in adult men result in osteoporosis.

Growth Hormone and Body Composition
Growth hormone and insulin-like growth factor-I, which are maximally secreted during puberty, continue to play a role in the acquisition and maintenance of bone mass and the determination of body composition into adulthood. Growth hormone deficiency is associated with a decrease in BMD. Children and youth with low BMI are likely to attain lower-than-average peak bone mass. Although there is a direct association between BMI and bone mass throughout the adult years, it is not known whether the association between body composition and bone mass is due to hormones, nutritional factors, higher impact during weight-bearing activities, or other factors. There are several observational studies of fractures in older persons that show an inverse relationship between # & BMI.

4. What is the optimal evaluation and treatment of osteoporosis and fractures? 
The goals for the evaluation of patients at risk for osteoporosis are to establish the diagnosis of osteoporosis on the basis of assessment of bone mass, to establish the fracture risk, and to make decisions regarding the needs for instituting therapy. A history and physical examination are essential in evaluating fracture risks and should include assessment for loss of height and change in posture. Laboratory evaluation for secondary causes of osteoporosis should be considered when osteoporosis is diagnosed. The most commonly used measurement to diagnose osteoporosis and predict fracture risk is based on assessment of BMD which is principally determined by the mineral content of bone. BMD measurements have been shown to correlate strongly with load-bearing capacity of the hip and spine and with the risk of fracture. Several different techniques have been developed to assess BMD at multiple skeletal sites including the peripheral skeleton, hip, and spine. The World Health Organization (WHO) has selected BMD measurements to establish criteria for the diagnosis of osteoporosis. A T-score is defined as the number of standard deviations (SD) above or below the average BMD value for young healthy white women. This should be distinguished from a Z-score, which is defined as the number of SD above or below the average BMD for age- and gender-matched controls. According to the WHO definition, osteoporosis is present when the T-score is at least minus 2.5 SD. Although T-scores were based originally on assessment of BMD at the hip by Dual-Energy X-ray Absorptiometry (DEXA), they have been applied to define diagnostic thresholds at other skeletal sites and for other technologies. Experts have expressed concern that this approach may not produce comparable data between sites and techniques. Of the various sampling sites, measurements of BMD made at the hip predict hip fracture better than measurements made at other sites while BMD measurement at the spine predicts spine fracture better than measures at other sites.

Newer measures of bone strength, such as ultrasound, have been introduced. Recent prospective studies using quantitative ultrasound (QUS) of the heel have predicted hip fracture and all non-vertebral fractures nearly as well as DEXA at the femoral neck. QUS and DXA at the femoral neck provide independent information about fracture risk, and both of these tests predict hip fracture risk better than DEXA at the lumbar spine. In general, clinical trials of pharmacologic therapies have utilized DEXA, rather than QUS, for entry criterion for studies, and there is uncertainty regarding whether the results of these trials can be generalized to patients identified by QUS to have high risk of fracture.

Over the past year, several professional organizations have been working on establishing a standard of comparability of different devices and sites for assessing fracture risk. With this approach, measurements derived from any device or site could be standardized to predict hip fracture risk. However, the values obtained from different instruments cannot be used to predict comparable levels in bone mass. Limitations in precision and low correlation among different techniques will require appropriate validation before this approach can be applied to different skeletal sites and to different age groups.

It has been suggested that the diagnosis and treatment of osteoporosis should depend on risk-based assessment rather than solely on the assessment of a T-score. Consideration of risk factors in conjunction with BMD will likely improve the ability to predict fracture risk. This approach needs to be validated in prospective studies and tested in appropriate randomized clinical trials.

In addition to the effects of bone mass, bone micro architecture, and macro-geometry, bone strength is also affected by the rate of bone remodeling. Bone remodeling can be assessed by the measurement of surrogate markers of bone turnover in the blood or urine. These markers include bone-specific alkaline phosphatase and osteocalcin, which are indices of bone formation, and the urinary levels of pyridinolines and deoxypyridinolines and serum and urine levels of type I collagen telopeptides (CTX and NTX), which are indices of bone resorption. The level of these markers may identify changes in bone remodeling within a relatively short time interval (several days to months) before changes in BMD can be detected. However, according to available data, marker levels do not predict bone mass or fracture risk and are only weakly associated with changes in bone mass. Therefore, they are of limited utility in the clinical evaluation of individual patients. Despite these limitations, markers have been shown in research studies to correlate with changes in indices of bone remodeling and may provide insights into mechanisms of bone loss.

Who Should Be Evaluated?
The value of bone density in predicting fracture risk is established, and there is general consensus that bone density measurement should be considered in patients receiving glucocorticoid therapy for 2 months or more and patients with other conditions that place them at high risk for osteoporotic fracture. However, the value of universal screening, especially in perimenopausal women, has not been established. There are several unknown factors with this approach.

First, the number of women evaluated and treated would need to be high in order to prevent a single fracture. For example, in white women aged 50-59, an estimated 750 BMD tests would be required to prevent just one hip or vertebral fracture over a 5-year period of treatment. Second, the value has not been established for the common practice of beginning preventive drug therapy in the perimenopausal period for the purpose of preventing fractures later in life.

Until there is good evidence to support the cost-effectiveness of routine screening, or the efficacy of early initiation of preventive drugs, an individualized approach is recommended. A bone density measurement should be considered when it will help the patient decide whether to institute treatment to prevent osteoporotic fracture. In the future, a combination of risk factor evaluation and bone density measurements may increase the ability to predict fracture risk and help with treatment decisions. Until assessment by randomized clinical trials is conducted, individual decisions regarding screening could be informed by the preliminary evidence that the risk for fracture increases with age, and with an increased number of additional risk factors.

What Are the Effective Medical Treatments?
In the past 30 years, major strides have been made in the treatment of osteoporosis. Evidence-based reports systematically reviewing the data from randomized clinical trials, including meta-analyses for each of the major treatments, are available and permit conclusions regarding the role of each modality of osteoporosis therapy.

Calcium and vitamin D intake modulates age-related increases in parathyroid hormone (PTH) levels and bone resorption. Randomized clinical trials have demonstrated that adequate calcium intake from diet or supplements increase spine BMD and reduce vertebral and non-vertebral fractures. Low levels of 25-OH vitamin D are common in the aging population, and significant reductions in hip and other non-vertebral fractures have been observed in patients receiving calcium and vitamin D3 in prospective trials. The maximal effective dose of vitamin D is uncertain, but thought to be 400 to 1,000 IU/day. There is consensus that adequate vitamin D and calcium intakes are required for bone health. The therapeutic effects of most of the clinical trials of various drug therapies for osteoporosis have been achieved in the presence of calcium and vitamin D supplementation among control and intervention groups. Optimal treatment of osteoporosis with any drug therapy also requires calcium and vitamin D intake meeting recommended levels. The preferred source of calcium is dietary. Calcium supplements need to be absorbable and should have USP designation.

Physical activity is necessary for bone acquisition and maintenance through adulthood. Complete bed rest and microgravity have devastating effects on bone. Trials of exercise intervention show most of the effect during skeletal growth and in very inactive adults. Effects, beyond directly those on bone, such as improved muscular strength and balance, may be very significant in fracture-risk reduction. Trials in older adults have successfully used various forms of exercise to reduce falls. High-impact exercise (weight training) stimulates accrual of bone mineral content in the skeleton. Lower impact exercises, such as walking, have beneficial effects on other aspects of health and function, although their effects on BMD have been minimal.

Randomized placebo-controlled trials (RCTs) of cyclic etidronate, alendronate, and risedronate analyzed by a systematic review and meta-analysis have revealed that all of these bisphosphonates increase BMD at the spine and hip in a dose-dependent manner. They consistently reduce the risk of vertebral fractures by 30 to 50 percent. Alendronate and risedronate reduce the risk of subsequent non-vertebral fractures in women with osteoporosis and adults with glucocorticoid-induced osteoporosis. There is uncertainty about the effect of anti-resorptive therapy in reducing non-vertebral fracture in women without osteoporosis. In RCTs, the relative risk of discontinuing medication due to an adverse event with each of the three bisphosphonates was not statistically significant. The safety and efficacy of this therapy in children and young adults has not been evaluated. Since subjects in clinical trials may not always be representative of the community-based population, an individual approach to treatment is warranted.

Hormone replacement therapy (HRT) is an established approach for osteoporosis treatment and prevention. Many short-term studies and some longer term studies with BMD as the primary outcome have shown significant efficacy. Observational studies have indicated a significant hip fracture reduction in cohorts of women who maintain HRT therapy; still there is a paucity of trials with fractures as the endpoint. HRT trials have shown decreased risk of vertebral fractures, but there have been no trials of estrogen with hip fracture as the primary outcome.

The development of selective estrogen receptor modulators (SERMs) has been an important new thrust in osteoporosis research. The goal of these agents is to maximize the beneficial effect of estrogen on bone and to minimize or antagonize the deleterious effects on the breast and endometrium. Raloxifene, a SERM approved by the FDA for the treatment and prevention of osteoporosis, has been shown to reduce the risks of vertebral fracture by 36 percent in large clinical trials. Tamoxifen, used in the treatment and prevention of breast cancer, can maintain bone mass in postmenopausal women. However, effects on fracture are unclear.

There is a great deal of public interest in natural estrogens, particularly plant-derived phytoestrogens. These compounds have weak estrogen-like effects, and although some animal studies are promising, no effects on fracture reduction in humans have been shown. Salmon calcitonin has demonstrated positive effects on BMD at the lumbar spine, but this effect is less clear at the hip. Other than a recently completed randomized controlled trial of nasal calcitonin, no analysis of fracture risk is available. The PROOF study revealed a significant reduction in vertebral fracture risk at the 200 IU dose but not at the 100 IU or 400 IU dose. The absence of dose response, a 60 percent dropout rate, and the lack of strong supporting data from BMD and markers decrease confidence in the fracture risk data from this trial. Non-pharmacologic interventions directed at preventing falls and reducing their effect on fractures have been promising. These include studies to improve strength and balance in the elderly, as well as using hip protectors to absorb or deflect the impact of a fall.

Multifactorial approaches to preventing falls, as well as improving bone mass through combinations of interventions, suggest promising new directions.

Should the Response to Treatment Be Monitored?
Several approaches have been introduced for the monitoring of patients receiving therapies for osteoporosis. The goals of monitoring are to increase adherence to treatment regimens and determine treatment responses. Many individuals do not continue prescribed therapy or do not adhere to a treatment protocol, even when enrolled in formal clinical trials. Monitoring by densitometry or measurements of bone markers have not been shown to be effective in improving compliance, and more research is needed about how to improve adherence to treatment protocols.

The best tests for monitoring treatment response would reflect the largest changes with the least error, and these assessment tools are not readily available. The Fracture Intervention Trial (FIT) reveals an additional problem with monitoring, the statistical phenomenon of regression to the mean. In this study, the larger the bone loss in the first year, the greater the gain the next year - for both the placebo and active treatment groups. Therefore, physicians should not stop or change therapies with demonstrated efficacy solely because of modest loss of bone density or adverse trends in markers of bone turnover.

Orthopedic Management of Osteoporotic Fractures
While proximal femur (hip) fractures comprise nearly 20 percent of all osteoporotic fractures, this injury is among the most devastating of all the osteoporotic fractures and is responsible for the greatest expenditure of health care resources. The 1-year mortality rate following hip fracture is about 1 in 5. As many as two-thirds of hip fracture patients never regain their preoperative activity status. Early surgical management of hip fractures is associated with improved outcomes and decreased perioperative morbidity.

The adverse health, functional and quality of life effects of vertebral (spine) fractures are commonly under estimated, and such fractures are associated with increased mortality. The occurrence of a single vertebral fracture substantially increases the likelihood of future fractures and progressive kyphotic deformity. Due to the challenges of reconstruction of osteoporotic bone, open surgical management is reserved only for those rare cases that involve neurological deficits or an unstable spine. Recently, there has been a burgeoning interest in two "minimally invasive" procedures for management of acute vertebral fractures, vertebroplasty and kyphoplasty, which involve the injection of polymethyl methacrylate bone cement into the fractured vertebra. Anecdotal reports with both techniques claim frequent acute pain relief; however, neither technique has been subjected to a controlled trial to demonstrate the benefits over traditional medical management. Furthermore, the long-term effect of one or more reinforced rigid vertebrae on the risk of fracture of adjacent vertebrae is unknown for both of these procedures.

Several issues are critically important to the orthopedic management of acute osteoporotic fractures. It is most important to avoid the misconception that the only treatment required of an osteoporotic fracture is management of the acute fracture itself. Management during the peri-fracture period must consider blood clot prevention (mechanical or pharmacologic) in patients who will have delayed ambulation, the avoidance of substances that may inhibit fracture repair (nicotine, corticosteroids), and the frequent need for supplemental caloric intake. Finally, since less than 5 percent of patients with osteoporotic fractures are referred for medical evaluation and treatment, more aggressive diagnostic and therapeutic intervention of this population represents an opportunity to prevent subsequent fractures. Physicians treating the acute fracture should initiate an outpatient evaluation of the patient for osteoporosis and a treatment program, if indicated, or refer the patient for an osteoporosis assessment. 

5. What are the directions for future research? 
The following questions, issues, and concerns should be addressed:

· Peak bone mass is an important factor in determining long-term fracture risk. Strategies to maximize peak bone mass in girls and boys are essential, including how to identify and intervene in disorders that can impede the achievement of peak bone mass in ethnically diverse populations, and, to determine how long these interventions should last. More research regarding the risks for fracture in chronic diseases affecting children is needed. What is the impact of calcium deficiency and vitamin D deficiency in childhood, and can it be reversed? How does gonadal steroid insufficiency, pubertal delay, or undernourishment impact bone mass? What is known about the use of bisphosphonates or other agents in the treatment of children with osteoporosis? 

· Genetic factors leading to osteoporosis are being identified. These factors may relate to bone mass acquisition, bone remodeling, or bone structure. Pharmacogenetic approaches for identifying and targeting specific genetic factors predisposing to osteoporosis need to be developed. 

· Glucocorticoid use is a common cause of secondary osteoporosis and associated fractures. What is the impact of glucocorticoid-induced osteoporosis in adults and children? What are the mechanisms of disease? What novel approaches can be taken to stimulate bone formation in this condition? Development of glucocorticoids that avoid effects on the skeleton are needed. 

· Secondary causes of osteoporosis are prevalent. A number of risk factors have been identified, including specific disease states and medication use. How should patients be identified for diagnosis and treatment of osteoporosis? What is known about the use of bisphosphonates or other agents in young adults with secondary osteoporosis? What is known about the causes of osteoporosis in perimenopausal women? How should they be monitored for treatment response? Are therapies for improving bone mass in postmenopausal women effective in secondary causes? 

· There is a need for prospective studies of gender, age, and ethnically diverse individuals to provide data that will permit more accurate fracture risk identification in these populations. Fracture risk is a combination of bone-dependent and bone-independent factors. Bone-independent factors include muscle function and cognition, which also contribute to falls leading to fractures. A comprehensive assessment of bone-dependent and bone-independent factors should be included. There is a need for a comprehensive assessment of a validated risk assessment tool. What is the best way to identify patients in need of treatment for osteoporosis? An algorithm should be constructed that incorporates risk factors for fracture in addition to assessment of bone density. What is the best use of surrogate markers of bone turnover to determine osteoporosis, and how does this impact on fracture risks? 

· Quality of life is significantly impaired by osteoporosis. Future research should characterize and validate quality-of-life tools in patients across gender, age, and race or ethnicity. It will be important to identify effects of fracture risk and intervention on quality of life. Quality of life should be incorporated as an outcome in clinical trials evaluating fracture risk and therapy. In addition, the psychosocial and financial effects of osteoporosis on caregivers and family dynamics should be considered. 

· There are no available data to suggest which asymptomatic patients should have screening bone-density tests done or when screening is justified. Information regarding screening guidelines is important to obtain. 

· Neuro-psychiatric disorders may cause or be the result of osteoporosis. Specific psychiatric disorders, including depression and anorexia nervosa, are associated with osteoporosis or clinical fractures. Medications used to treat psychiatric or neurologic disorders may cause osteoporosis, and the diagnosis of osteoporosis may have psychological implications. Research efforts into the relationship between neuro-psychiatric disorders and fracture risk should be strongly encouraged. 

· There is an urgent need for randomized clinical trials of combination therapy, which includes pharmacologic, dietary supplement, and lifestyle interventions (including muscle strengthening, balance, and management of multiple drug use, smoking cessation, psychological counseling, and dietary interventions). Primary outcomes would be fractures, and secondary outcomes would include quality of life and functional capability. Cost-effectiveness evaluation should be considered in such a trial. 

· What is the optimal evaluation and management of fractures? What diagnostic and management paradigm should be employed? What are the long-term consequences of osteoporosis and clinical fractures on non-skeletal body systems? What measures can be taken to prevent subsequent fractures? 

· Anabolic agents that stimulate bone formation, such as PTH and fluoride, have been evaluated. Meta-analysis of fluoride therapy revealed no protective effects on fracture risk. PTH peptides are the most promising but are still in clinical trials. Other factors, including growth hormones, are under investigation. There is a critical need to develop and assess anabolic agents that stimulate bone formation. 

· Assure accessibility to treatment for people regardless of income and geography. 

· There is a need to determine the most effective method of educating the public and health care professionals about the prevention, diagnosis and treatment of osteoporosis. 

· There is a need to improve the reporting of BMD and fracture risk so it is understandable to medical specialists and can be explained to patients. 

· Study is needed to determine the efficacy and safety of long-term administration of various drug interventions in maintaining BMD and preventing fractures. 

· Trials of dietary supplements are needed. 

· Study is needed to understand the influence of nutrition on micronutrients and non-patentable medical interventions. 

· Study is needed to understand cost-effectiveness and effectiveness of programs encouraging bone health. 

· Study of interventions examining the long-term effects of fractures on health, function and quality of life is needed. 


Conclusions

Question 1
1. Osteoporosis occurs in all populations and at all ages. Though more prevalent in white postmenopausal females, it often goes unrecognized in other populations. 

2. Osteoporosis is a devastating disorder with significant physical, psychosocial, and financial consequences. 

Question 2
1. The risks for osteoporosis, as reflected by low bone density, and the risks for fracture overlap but are not identical. 

2. More attention should be paid to skeletal health in persons with conditions known to be associated with secondary osteoporosis. 

3. Clinical risk factors have an important, but as yet poorly validated, role in determining who should have BMD measurement, in assessing risk of fracture, and in determining who should be treated. 

Question 3
1. Adequate calcium and vitamin D intake are crucial to develop optimal peak bone mass and to preserve bone mass throughout life. Supplementation of these two components in bio-available forms may be necessary in individuals who do not achieve recommended intake from dietary sources. 

2. Gonadal steroids are important determinants of peak and lifetime bone mass in men, women, and children. 

3. Regular exercise, especially resistance and high-impact activities, contributes to development of high peak bone mass and may reduce the risk of falls in older individuals. 

Question 4
1. Assessment of bone mass, identification of fracture risk, and determination of who should be treated are the optimal goals when evaluating patients for osteoporosis. 

2. Fracture prevention is the primary goal in the treatment of patients with osteoporosis. 

3. Several treatments have been shown to reduce the risk of osteoporotic fractures. These include therapies that enhance bone mass and reduce risk or consequences of falls. 

4. Adults with vertebral, rib, hip or distal forearm fractures should be evaluated for the presence of osteoporosis and given appropriate therapy. 


Osteoporosis is a disease of the bones, and in order to understand this disease, it is important to learn more about your bones. 

Bone is living, growing tissue. It is made mostly of collagen, a protein which provides a soft framework, and calcium phosphate, a mineral which adds strength and hardens the framework. This combination of collagen and calcium makes bone strong and flexible to withstand stress. More than 99 percent of the body's calcium is contained in the bones and teeth. The remaining one percent is found in the blood. 
There are two types of bone found in the body: cortical and trabecular. Cortical bone is dense and compact. It forms the outer layer of the bones. Trabecular bone makes up the interior of bone, and has a spongy, honeycomb-like structure. 
Bone Remodeling
Throughout life, bone is constantly renewed through a process called remodeling. This process consists of two stages: resorption and formation. During resorption, old bone tissue is broken down and removed by special cells called osteoclasts. Once this has been done, bone formation begins and new bone tissue is laid down to replace the old. This task is performed by special cells called osteoblasts. 
Osteoclast and osteoblast function is regulated by several hormones, such as estrogen in women and testosterone in men, calcitonin, parathyroid hormone, and vitamin D, among others. 

The Bone Bank Account
Think of bone as a bank account, where you "deposit" and "withdraw" bone tissue. During childhood and the teenage years, new bone is added to the skeleton faster than old bone is removed. As a result, bones become larger, heavier, and denser. Bone formation continues at a faster pace than removal until peak bone mass (maximum bone density and strength) is reached between ages 25 and 35. Remember, in order to be able to make "deposits" of bone tissue and reach your maximum peak bone mass, you need to get enough calcium and exercise -- two important factors in building bone. 
After age 35, bone "withdrawals" begin to exceed "deposits." Osteoporosis develops when bone removal occurs too quickly or if replacement occurs too slowly. You are more likely to develop osteoporosis if you did not reach your maximum peak bone mass during your bone building years. 
Women, Men, and Osteoporosis
Women are four times more likely than men to develop osteoporosis. This is because women generally have smaller, thinner bones, and because they lose bone tissue rapidly after menopause, which usually occurs between ages 45 and 55. This is due to the sharp decline in the production of estrogen after menopause. Estrogen is a hormone produced by the ovaries that has been shown to have a protective effect on bone. At this stage of life, bone loss in women greatly exceeds that in men. 
By age 65, women and men tend to lose bone tissue at the same rate. While men do not undergo the equivalent of menopause a decrease in the production of the male hormone testosterone, may occur and can lead to increased bone loss, and a greater risk of developing osteoporosis.
Osteoporosis Overview
Osteoporosis, or porous bone, is a disease characterized by low bone mass and structural deterioration of bone tissue, leading to bone fragility and an increased susceptibility to fractures of the hip, spine, and wrist. Men as well as women suffer from osteoporosis, a disease that can be prevented and treated. 
Facts and Figures  

Osteoporosis is a major public health threat for 28 million Americans, 80% of whom are women. In the U.S. today, 10 million individuals already have osteoporosis and 18 million more have low bone mass, placing them at increased risk for this disease. One out of every two women and one in eight men over 50 will have an osteoporosis-related fracture in their lifetime. More than 2 million American men suffer from osteoporosis, and millions more are at risk. Each year, 80,000 men suffer a hip fracture and one-third of these men die within a year. Osteoporosis can strike at any age. Osteoporosis is responsible for more than 1.5 million fractures annually, including 300,000 hip fractures, and approximately 700,000 vertebral fractures, 250,000 wrist fractures, and more than 300,000 fractures at other sites. Estimated national direct expenditures (hospitals and nursing homes) for osteoporosis and related fractures is $14 billion each year.
What is Bone? Bone is living, growing tissue. It is made mostly of collagen, a protein that provides a soft framework, and calcium phosphate, a mineral that adds strength and hardens the framework. This combination of collagen and calcium makes bone strong yet flexible to withstand stress. More than 99% of the body's calcium is contained in the bones and teeth. The remaining 1% is found in the blood. Throughout your lifetime, old bone is removed (resorption) and new bone is added to the skeleton (formation). During childhood and teenage years, new bone is added faster than old bone is removed. As a result, bones become larger, heavier, and denser. Bone formation continues at a pace faster than resorption until peak bone mass (maximum bone density and strength) is reached around age 30. 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 you did not reach optimal bone mass during your bone building years.  Risk factors. Certain factors are linked to the development of osteoporosis or contribute to an individual's likelihood of developing the disease. These are called "risk factors." Many people with osteoporosis have several of these risk factors, but others who develop osteoporosis have no identified risk factors. There are some risk factors that you cannot change, and others that you can:  

Risk factors you cannot change:  Gender - Your chances of developing osteoporosis are greater if you are a woman. Women have less bone tissue and lose bone more rapidly than men because of the changes involved in menopause. Age - the older you are, the greater your risk of osteoporosis. Your bones become less dense and weaker as you age. 

Body size - Small, thin-boned women are at greater risk. Ethnicity - Caucasian and Asian women are at highest risk. African-American and Latino women have a lower but significant risk. Family history - Susceptibility to fracture may be, in part, hereditary. People whose parents have a history of fractures also seem to have reduced bone mass and may be at risk for fractures. 

Risk factors you can change: Sex hormones: abnormal absence of menstrual periods (amenorrhea), low estrogen level (menopause), and low testosterone level in men, anorexia, a lifetime diet low in calcium and vitamin D, use of certain medications, such as glucocorticoids or some anticonvulsants, an inactive lifestyle or extended bed rest, cigarette smoking, and excessive use of alcohol. 

Prevention: To reach optimal peak bone mass and continue building new bone tissue as you get older, there are several factors you should consider:  

A. 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, bog Choy and spinach; sardines and salmon with bones; tofu; almonds; and foods fortified with calcium, such as orange juice, cereals and breads. Depending upon how much calcium you get each day from food, you may need to take a calcium supplement.  

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. 
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 
 
 

B. 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.  

C. Exercise: Like muscle, bone is living tissue that responds to exercise by becoming stronger. The best exercise for your bones is weight-bearing exercise that forces you to work against gravity. These exercises include walking, hiking, jogging, stair-climbing, weight training, tennis, and dancing.  

D. Smoking: Smoking is bad for your bones as well as for your heart and lungs. Women who smoke have lower levels of estrogen compared to nonsmokers and frequently go through menopause earlier. Postmenopausal women who smoke may require higher doses of hormone replacement therapy and may have more side effects. Smokers also may absorb less calcium from their diets.  

E. Alcohol. Regular consumption of 2 to 3 ounces a day of alcohol may be damaging to the skeleton, even in young women and men. Those who drink heavily are more prone to bone loss and fractures, both because of poor nutrition as well as increased risk of falling.  

Medications that cause bone loss. The long-term use of glucocorticoids (medications prescribed for a wide range of diseases, including arthritis, asthma, Crohn's disease, lupus, and other diseases of the lungs, kidneys, and liver) 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. It is important to discuss the use of these drugs with your physician, and not to stop or alter your medication dose on your own.  

F. Prevention Medications. Various medications are available for the prevention, as well astreatment, of osteoporosis. See section entitled "Therapeutic Medications."  

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 hip fracture or a vertebra to collapse. Collapsed vertebra may initially be felt or seen in the form of severe back pain, loss of height, or spinal deformities such as kyphosis, or severely stooped posture.  

Detection. Following a comprehensive medical assessment, your doctor may recommend that you have your bone mass measured. Bone mineral density (BMD) tests measure bone density in the spine, wrist, and/or hip (the most common sites of fractures due to osteoporosis), while others measure bone in the heel or hand. These tests are painless, noninvasive, and safe. 
Bone density tests can  

Detect low bone density before a fracture occurs.   

Confirm a diagnosis of osteoporosis if you have already fractured.  

Predict your chances of fracturing in the future.   

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

A. Treatment. A comprehensive osteoporosis treatment program includes a focus on proper nutrition, exercise, and safety issues to prevent falls that may result in fractures. In addition, your physician may prescribe a medication to slow or stop bone loss, increase bone density, and reduce fracture risk.  

B. Nutrition. The foods we eat contain a variety of vitamins, minerals, and other important nutrients that help keep our bodies healthy. All of these nutrients are needed in a balanced proportion. In particular, calcium and vitamin D are needed for strong bones as well as for your heart, muscles, and nerves to function properly. (See Prevention section for recommended amounts of calcium.)  

C. Exercise. Exercise is an important component of an osteoporosis prevention and treatment program. Exercise not only improves your bone health, but it increases muscle strength, coordination, and balance and leads to better overall health. While exercise is good for someone with osteoporosis, it should not put any sudden or excessive strain on your bones. Asextra insurance against fractures, your doctor can recommend specific exercises to strengthen and support your back.  

D. Therapeutic Medications. Currently, estrogen, calcitonin, alendronate, raloxifene, and risedronate are approved by the U. S. Food and Drug Administration (FDA) 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 use by men and women with glucocorticoid-induced osteoporosis.  

E. 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). To eliminate this risk, physicians prescribe the hormone progestin in combination with estrogen (hormone replacement therapy or HRT) for those women who have not had a hysterectomy. ERT/HRT relieves menopause symptoms and has been shown to have beneficial effects on both the skeleton and heart.  

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. Estrogen replacement should also be considered by 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. As with all drugs, the decision to use estrogen should be made after discussing the benefits and risks and your own situation with your doctor.  

F. 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.  

G. 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.  

H. 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.  

I. 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. 

Fall Prevention is a special concern for men and women with osteoporosis. Falls can increase the likelihood of fracturing a bone in the hip, wrist, spine or other part of the skeleton. In addition to the environmental factors listed below, falls can also be caused by impaired vision and/or balance, chronic diseases that impair mental or physical functioning, and certain medications, such as sedatives and antidepressants. It is important that individuals with osteoporosis be aware of any physical changes they may be experiencing that affect their balance or gait, and that they discuss these changes with their health care provider.  

Some tips to help eliminate the environmental factors that lead to falls include:  

Outdoors: Use a cane or walker for added stability; wear rubber-soled shoes for traction; walk on grass when sidewalks are slippery; in winter, carry salt or kitty litter to sprinkle on slippery sidewalks; be careful on highly polished floors that become slick and dangerous when wet. Use plastic or carpet runners when possible.  

Indoors: Keep rooms free of clutter, especially on floors; keep floor surfaces smooth but not slippery; wear supportive, low-healed shoes even at home; avoid walking in socks, stockings, or slippers; be sure carpets and area rugs have skid-proof backing or are tacked to the floor; be sure stairwells are well lit and that stairs have handrails on both sides; install grab bars on bathroom walls near tub, shower, and toilet; use a rubber bath mat in shower or tub; keep a flashlight with fresh batteries beside your bed; if using a step stool for hard to reach areas, use a sturdy one with a handrail and wide steps; add ceiling fixtures to rooms lit by lamps. Consider purchasing a cordless phone so that you don't have to rush to answer the phone when it rings or you can call for help if you do fall.  

Osteoporosis: An Aging Issue

Osteoporosis means "porous bone." It is a disease characterized by excessive bone loss, increased risk of fractures, and poor bone quality. When we think about our bones, we visualize a hard and lifeless mass. But bone is complex, living, and growing. Throughout your life, old bone tissue is constantly being broken down and new tissue is built to replace it. Around age 35, you begin to lose bone more quickly than you can build it. Women have less bone mass to draw from than men due to their lighter, thinner frames. After menopause, women lose bone mass rapidly. By age 65 or 70, women and men lose bone mass at about the same rate. 

Are You at Risk?

Let's look at the major risk factors for osteoporosis. 

•      Age: The older you are, the greater the risk for osteoporosis. 

•      Gender: Your chances of developing osteoporosis are greater if you are a woman. 

•      Bone structure/body weight: Small boned and thin women are at greater risk of
       developing osteoporosis. 

•      Decreases in sex hormones: One-third to one-half of all women develop osteoporosis
       after menopause. For men, decreases in the male hormone testosterone can cause 
       bone mass to be reduced. 

•      Medications and disease: Osteoporosis is associated with certain medications such as

       cortisone-like drugs. Medical conditions include endocrine disorders, such as an

       overactive thyroid, gastrointestinal surgery, and immobilization. 

•      Lifestyle: You can decrease your risk of osteoporosis by consuming an adequate

       amount of calcium, participating in weight-bearing exercise, reducing your use of

       alcohol, and quitting smoking. 

•      Heredity: Young women whose mothers have a history of vertebral fractures also

       seem to have reduced bone mass. 
How Can You Help Prevent Osteoporosis?

It is important to help protect yourself from developing this disease and to enhance your health at the same time. 

•   Hormones: Estrogen replacement therapy (ERT) is recommended for women at high risk for osteoporosis when there are no other concerns. ERT must be discussed with your medical specialist. For men, low levels of testosterone have been associated with hip and spinal fractures. Testosterone can help prevent bone loss. 

•   Diet: Most adults get only one-third to one-half of their recommended daily calcium requirement. After midlife, everyone should consume 1,000 milligrams of calcium each day. For individuals at risk for osteoporosis, such as postmenopausal women not on hormone replacement therapy, intake should be 1,500 milligrams a day. If you have concerns regarding your consumption of this vital nutrient, ask your doctor or dietitian to assist you in developing a plan that would increase the calcium in your diet. 

•   Exercise: If you have not been exercising on a regular basis, check with your doctor before beginning an exercise program. It is never too late to introduce exercise into your life. Weight-bearing exercises are those that work the muscles against gravity such as: walking, dancing, tennis, and golfing. Choose an activity you enjoy and have fun! 

•    Vitamin D: You need vitamin D in the body to absorb calcium. Your doctor can check Vitamin D levels if you have concerns. You can also manufacture this vitamin as a result of sunlight exposure and fortified milk products. It is not wise to take vitamin D without consulting your physician. 

•   Alcohol and tobacco abuse: Research has shown that bone density in women who smoke is lower than in nonsmokers. Alcohol use reduces estrogen levels in women and testosterone levels in men, and is toxic to the cells that build bone. 

Detecting Osteoporosis

There are no early warning signs for osteoporosis. But it is now possible to measure the density of your bones with a safe and painless procedure called absorptiometry or densitometry. If you are at risk of developing osteoporosis, a measurement at the time of menopause is recommended. Your doctor can advise you whether and when you should be tested. 

Conclusion

There are several steps that you can take to slow the progression of osteoporosis. Along with exercise, diet, and hormone replacement therapy, medications have been introduced that can help reduce bone loss. It is important to discuss these medications with your doctor. You can live successfully with osteoporosis. Your body is a miracle--take care of it and enjoy life. 

You can decrease your risk of osteoporosis by consuming an adequate amount of calcium, participating in weight-bearing exercise, reducing your use of alcohol, and quitting smoking.

Fast Facts on Osteoporosis
Definition 

Osteoporosis, or porous bone, is a disease characterized by low bone mass and structural deterioration of bone tissue, leading to bone fragility and an increased susceptibility to fractures of the hip, spine, and wrist. 

Prevalence 

Osteoporosis is a major public health threat for more than 28 million Americans, 80 percent of whom are women. In the U.S. today, 10 million individuals already have the disease and 18 million more have low bone mass, placing them at increased risk for osteoporosis. 

80% of those affected by osteoporosis are women. 

8 million American women and 2 million men have osteoporosis, and millions 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. 

Osteoporosis is responsible for more than 1.5 million fractures annually, including: 

300,000 hip fractures; and approximately 

  
700,000 vertebral fractures, 

  
250,000 wrist fractures, and 

  
300,000 fractures at other sites. 

Cost 

The estimated national direct expenditures (hospitals and nursing homes) for osteoporotic and associated fractures is $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 or stooped posture. 

Risk Factors 

Certain people are more likely to develop osteoporosis than others. Factors that increase the likelihood of developing osteoporosis are called "risk factors." The following risk factors have been identified: 

Being female 

Thin and/or small frame 

Advanced age 

A family history of osteoporosis 

Postmenopause, 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 

Low testosterone levels in men 

An inactive lifestyle 

Cigarette smoking 

Excessive use of alcohol 

Being Caucasian or Asian, although African Americans and Hispanic Americans 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 

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

Detect osteoporosis before a fracture occurs 

Predict your chances of fracturing in the future 

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

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: 

A balanced diet rich in calcium and vitamin D
Weight-bearing exercise 

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

Bone density testing and medication, when appropriate 

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: 

Estrogens (brand names such as Premarin®, Ogen®, Estrace®, Estraderm®, Estratab®, Prempro® and others) 

Alendronate (brand name Fosamax®) is also approved as a treatment for men.

Calcitonin (brand name Miacalcin®) 

Raloxifene (brand name Evista®) 

Risedronate (brand name Actonel®) 

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.

Treatments under investigation include sodium fluoride, vitamin D metabolites, parathyroid hormone, and other bisphosphonates and SERMs.

Medical experts agree that osteoporosis is highly preventable. However, if the toll of osteoporosis is to be reduced, the commitment to osteoporosis research must be significantly increased. It is reasonable to project that with increased research, the future for definitive treatment and prevention of osteoporosis is very bright.

