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Adequate and appropriate nutrition is important for all individuals. Not all women follow a diet that is optimal for bone health and supplementation of calcium and vitamin D. In particular, excessive pursuit of thinness may affect adequate nutrition and bone health (1). Calcium is most important for obtaining peak bone mass and preventing and treating osteoporosis. A specific dietary calcium intake is recommended at various stages of life. The recommended daily intakes of calcium are 800 mg in children aged 3 to 8 years and 1,300 mg in children and adolescents aged 9 to 17 years; only 25 % of boys and 10 % of girls aged 9 to 17 years meet these recommendations (1). Factors contributing to lower calcium intake are low-level consumption of dairy products, fruit and vegetables and high intake of low-calcium beverages such as carbonated soft drinks. For older adults, daily calcium intake should be maintained at 1,000 to 1,500 mg; only 50 to 60 % of the population of the USA have met this recommendation.

Vitamin D is required for optimal calcium absorption. During adolescence, as a result of decrease in the consumption of dairy products, intake of vitamin D is less likely to be adequate, with a resultant adverse effect on calcium absorption. A recommended daily vitamin D intake of 400 to 600 IU has been established for adults (1). Of other nutrients that have been evaluated for their relationship to bone health, high dietary protein or caffeine, phosphorus and sodium can adversely affect the calcium balance; these effects appear to be less important in individuals with adequate calcium intakes.

An interventional cohort study of early postmenopausal women (aged 45 to 60 years) that re-analyzed 394 women of the placebo group of the early postmenopausal intervention cohort (EPIC) study, demonstrated that calcium would not prevent loss of BMD during early postmenopausal years (2). This observation similarly applies to vertebral, hip and forearm BMD. All recent investigations on prevention and treatment of osteoporosis have implemented calcium treatment in the placebo arm.

Treatment of osteoporosis

Bisphosphonates

Bisphosphonates (BP) are the most extensively studied treatments of osteoporosis under controlled conditions. Nitrogen-containing BPs (alendronate, risedronate) are shown to decrease significantly the risk of hip fractures in calcium and vitamin D replete women with osteoporosis. Two separate studies have shown that a daily oral ingestion of risedronate 5 mg will reduce radiographic vertebral fractures significantly within one year, with reductions of 41 % or 49 % documented after three years (3, 4). Alendronate has been investigated as a daily oral ingestion of 10 mg versus 35 mg twice weekly, or 70 mg once weekly. Alendronate 10 mg daily has been shown to reduce fracture risk in osteoporosis at vertebral (48 %), non-vertebral (27 %), hip (53 %) and wrist sites (30 %) and also reduces clinical vertebral fracture by 45 % (5).

Selective estrogen receptor modulators

Selective estrogen receptor modulators (SERMs) are a class of compounds that were originally developed with the aim of retaining the beneficial effects of HRT while avoiding some of its side effects. In 1978, tamoxifen was the first SERM approved by the FDA for adjuvant treatment of breast cancer. Several studies have shown that tamoxifen has estrogen-agonist action on both the skeleton and lipoprotein metabolism in postmenopausal women. However, its long-term use is associated with an increased risk of endometrial cancer; and this has interfered with its wider use in healthy postmenopausal women.

Raloxifene, a non-steroidal benzothiophene, which has been studied extensively in phase-II and phase–III trials, is now widely available. Results from the Multiple Outcomes of Raloxifene Evaluation (MORE) study of 7,500 women with osteoporosis, indicate a 30 % reduction in vertebral fracture rate with a daily dose of raloxifene 60 mg for three years in patients both with and without prevalent vertebral fractures. In patients with osteoporosis assessed by their BMD measurement, raloxifene 60 mg daily reduces by 50 % the risk of the first vertebral fracture, although it has not been shown to be effective on non-vertebral fractures. After four years of treatment with raloxifene, the reduction of vertebral fractures is maintained.

The only serious adverse event with raloxifene was an increase of venous thromboembolism (comparable with that reported for HRT), however, the rate of new breast cancer was decreased by more than 50 % during therapy. Overall, raloxifene represents an interesting alternative for the prevention and the treatment of postmenopausal osteoporosis.

Combination treatment of osteoporosis

There is considerable interest in combination pharmacotherapy for osteoporosis, because of the limited efficacy of many of the available agents and to limit toxicity. Two anti-resorptive agents together may increase the anti-resorptive effect on bone because each compound inhibits osteoclasts at different stages of development. However, osteoporosis is multi-factorial, and compounds with different mechanisms of action should, therefore, increase the response rate to treatment, if, for example, an anabolic drug is combined with an anti-resorptive drug. Investigations have been carried out into combinations using estrogen together with a progestogen; calcitriol, vitamin D and calcium; BPs or raloxifene.

In the Continuous Hormones As Replacement Therapy (CHART) study (6), 1,200 postmenopausal women were randomized to one of four groups on ethinyl estradiol alone, one of four groups on ethinyl estradiol in combination with norethindrone, or placebo. Results clearly showed that the doses of ethinyl estradiol 5 µg and 10 µg in combination with norethindrone 5 mg or 10 mg produced a significantly increased mean change in BMD when compared with ethinyl estradiol alone. This study provides good evidence for an additive effect of the progestogen.

Gallagher and co-workers looked at the effects on BMD of calcitriol and estrogen, alone or in combination (7). They investigated 489 postmenopausal women with a mean age of 71 years, randomized to CEE 0.625 mg daily, calcitriol 0.25 µg twice daily, a combination of both or placebo. While calcitriol, which increases calcium absorption, significantly prevented the bone loss when compared with the placebo arm, CEE significantly increased spinal and total hip BMD. The addition of calcitriol to CEE further increased spinal BMD, although not significantly, but had a significant additional effect over HRT alone on total hip BMD.

Combination of estrogen with BPs has been investigated in several studies. Two representative investigations should be referred to (3, 8). The effects on bone mass of alendronate and estrogen, alone or in combination, have been investigated in 425 hysterectomized postmenopausal women, mean age 61 years with a baseline spine T-score of – 2.5. Women were randomized to placebo, ERT 0.625 mg daily, alendronate 10 mg daily or a combination of alendronate and CEE (8). The combination of the estrogen with a BP resulted in a significant further increase of bone density when compared with monotherapy. This same investigation demonstrated the same significant combination effect on bone markers. In another investigation of 524 postmenopausal women with a mean age of 59 years, all patients received CEE 0.625 mg with or without MPA 5 mg. This hormone therapy was compared with a group of women who received risedronate 5 mg in combination with the same hormone treatment (3). Again, the combination of two anti-resorptives, such as risedronate and estrogen, proved to be more effective on both lumbar spine and femoral neck BMD following six and twelve months of treatment.

Raloxifene with alendronate is another combination of two anti-resorptive agents. A study investigated postmenopausal women who were randomly assigned to placebo, raloxifene 60 mg, alendronate 10 mg, or a combination of raloxifene and alendronate. All groups had a basic treatment of calcium 500 mg with vitamin D 400 to 600 IU/d (8). While raloxifene and alendronate produced significant increases of BMD at both the spine and femoral neck, the combination of the two was even more effective.

On single therapy, 10 to 20 % of patients may lose bone; on combination therapy, only 0 to 5 % will do so. Combination anti-resorptive therapy also increases the number of responders who do not lose BMD (8).

New treatments

Several promising new anti-osteoporotic agents are in late-stage clinical development. Anabolic agents, such as strontium ranelate and parathyroid hormone, will prove useful therapeutic tools in treating osteoporosis. New bisphosphonates, such as ibandronate and zolendronic acid, should also become available in the market in the coming years.

Parathyroid hormone

Investigations have evaluated anabolic agents, such as parathyroid hormone (PTH) and fluoride, that stimulate bone formation. Meta-analyses of fluoride therapy revealed no protective effects on fracture risk. Besides PTH and sodium fluoride, the other possible anabolic agents for the stimulation of bone formation are strontium, anabolic steroids, statins, growth hormone axis agents, and prostaglandin E2, with PTH peptides the most promising.

The discovery of anabolic PTH action goes back to Fuller Albright (9). This group demonstrated the effect of parathyroid extract on increasing the number of trabeculae in growing rats. A few years later, Hans Selye provided histological evidence that parathyroid extract stimulates bone formation (10). PTH (1-34) in combination with HRT would drastically improve the percentage BMD in the lumbar spine and the body as a whole (11). An impressive effect of PTH 28d on the periosteal mineral apposition rate and cortical thickness in human bone was recently demonstrated by Dempster and colleagues (12). Spinal BMD increased by 14 % and spinal bone mass by 20 %. Since BMD equals bone mass divided by area, bone area must also have increased. Histological evidence on bridging the gap of trabeculae has also been presented (13).

Short-term (one to two years) treatment with PTH seems likely to be a useful tool in osteoporosis. Intervention with PTH produces marked increments in BMD, and reduces fracture risk (13).

New bisphosphonates

Numerous new bisphosphonates are in various stages of pharmaceutical development. Early data suggest that both ibandronate and zoledronic acid are efficacious in increasing BMD (14). Zoledronic acid is an intravenous BP that has recently been approved by the US Food and Drug Administration (FDA) for the treatment of hypercalcaemia and malignancy. Recent data suggest that it may be efficacious in the treatment of postmenopausal osteoporosis (14).

Hormone therapy in the prevention and treatment of osteoporosis

In 2000, the Physician's Guide to Prevention and Treatment of Osteoporosis was produced by the US National Osteoporosis Foundation. It suggested that postmenopausal women should be considered for treatment once the T-score is less than – 2.0 when no risk factors are present, or less than – 1.5 when one or more risk factors are present. Hormone therapy is the treatment of choice. The effect of estrogen replacement therapy (ERT) or HRT on spine and hip BMD was investigated in the Postmenopausal Estrogen/Progestin Interventions (PEPI) trial. This prospective estrogen and progestin intervention study compared placebo with conjugated equine estrogens (CEE) only and the cyclic or continuous combination of CEE with medroxyprogesterone acetate (MPA). CEE was also combined with micronized progesterone (MP) in another arm of the trial. The change from baseline BMD at both the spine and the hip was measured at twelve months and thirty-six months. When adherent patients only (n = 641, age 45 to 64 years) were compared, all active treatment groups experienced a significant rise in spinal and hip BMD compared with the placebo group; no significant differences were found among the active treatment groups (15).

Only 3 % of the adherent women treated with HRT lost > 2 % in spinal BMD in the first twelve months compared with 41 % in the placebo group. After twelve to thirty-six months in the trial, results showed that only 1 % of those treated with HRT lost > 2 % in spinal BMD compared with 16 % in the placebo group. In total, 495 women adherent to HRT or placebo in the PEPI trial were followed for three to five additional years. Annual BMD changes among women who discontinued the HRT did not differ from those among women who received placebo. Patients who stopped HRT after one year experienced annual BMD losses of 0.54 % in hip and 0.81 % in spine. Patients who stopped HRT after three years experienced annual BMD losses of 1.01 % in hip and 1.04 % in spine. Patients on placebo experienced annual BMD losses of about 1 % after one year and about 0.5 % thereafter (16).

Another important prospective and placebo-controlled trial is the Heart, Osteoporosis, Progestin, Estrogen (HOPE) study. In an intent-to-treat population, CEE and CEE/MPA combination produced dose-dependent increments of BMD at both the spine and total hip sites (17). The effective daily doses when compared with placebo were 0.3, 0.45 and 0.625 mg for CEE alone, and 0.3 and 0.45 mg CEE with 1.5 mg MPA, or 0.45 and 0.625 mg CEE with 2.5 mg MPA for the combination therapies. PEPI and HOPE, two prospective, placebo-controlled investigations, demonstrated the efficacy of hormone therapy on BMD at both trabecular and cancellous bone sites.

The impact on BMD is greatest when postmenopausal hormone therapy is commenced within five years of menopause (18). A meta-analysis of twenty-two trials of estrogen reported an overall reduction of 27 % in non-vertebral fractures (RR 0.73; CI 0.56 – 0.94), although the quality of individual studies varied. The NIH-sponsored Women's Health Initiative (WHI), a randomized, placebo-controlled clinical trial to quantify selected long-term risks and benefits (19), demonstrated that hormone therapy is efficacious for the prevention of fracture. The combination of CEE 0.6 mg with MPA 2.5 mg demonstrated this protective effect within the first two years of initiation. The WHI found significant reductions in total fracture risk (RR 0.76; 95 % CI 0.63 – 0.92); this study also reported a reduction for hip (RR 0.66; 95 % CI 0.33 – 1.33) and vertebral fracture (RR 0.66; 95 % CI 0.32 – 1.34), although these results did not achieve statistical significance in adjusted analyses. The WHI reported both nominal and adjusted confidence intervals. It can be concluded that there is good evidence that HRT increases BMD and fair to good evidence that it reduced fracture rates.

For many women, hormone therapy remains an important therapeutic option for the treatment of menopausal symptoms and the prevention of osteoporosis and osteoporotic fractures. The individual preference for selection of the minimal effective hormone dose is well documented.

National guidelines in many European countries do not leave any doubt about the efficacy of HRT as first-line therapy for preventing early postmenopausal bone loss.

Conclusions

Menopause is the most predictive event of osteoporosis. Half of all climacteric women at least five years post menopause will suffer an osteoporotic fracture during their remaining lives. For practical purposes, prevention of early bone loss immediately following menopause is critical to minimizing osteopenia and osteoporosis and reducing fracture risk.

There are substantial clinical data on the role of various modalities of osteoporosis therapy, including physical activity, nutrition for optimal bone health, anti-resorptive drugs, palliative measures and rehabilitation. The use of anti-resorptive agents such as estrogens, SERMs, BPs and, perhaps, calcitonin is indicated in women during an eight- to ten-year postmenopausal period immediately following menopause, in which circulating estradiol levels drop precipitously and bone turnover is accelerated. Supplementation of secondary osteoporosis with calcium and vitamin D has a good prognosis of overall therapeutic success.

HRT remains an important therapeutic option for many postmenopausal women because it provides the unique combination of alleviating climacteric symptoms and preventing osteoporosis and osteoporotic fractures. In the transitional menopausal period, hormones are the most cost-effective agents. The impact on BMD is greatest when postmenopausal hormone therapy is commenced within five years of menopause. Epidemiological data have confirmed that HRT is associated with a significant reduction in clinical hip, vertebral and total osteoporotic fractures in menopausal women. Short-term use of HRT prevents spine and forearm fractures; while long-term use prevents hip fractures. HRT is recommended as first-line therapy for preventing early postmenopausal bone loss.
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