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A serious and disabling disorder, osteoporosis is the most common metabolic bone disease in the
Western world. Osteoporosis is characterized by low bone mass and the deterioration of bone
structure leading to fragility and susceptibility to fracture. The most common fracture sites are the
spine, hip, and forearm. Osteoporosis is more prevalent in women than in men, and its incidence
increases with age.

More than 10 million Americans have osteoporosis, and many more have a lesser form of weak
bones called osteopenia.1 The health consequences of osteoporosis are far-reaching, as people
who suffer a fracture due to osteoporosis have an increased risk of disability and mortality.

THE DYNAMIC STATE OF BONES

Throughout life, cells known as osteoblasts construct bone matrix and fill it with calcium. At the
same time, cells called osteoclasts work just as busily to tear down and resorb the bone. This fine balance is regulated by many
factors, including systemic hormones and cytokines. Bone mass reaches its peak by the middle of the third decade of life and
plateaus for about 10 years, during which time bone turnover is constant, with bone formation approximately equaling bone
resorption.2

As our bodies age, this fine balance is lost. As the relative hormone levels shift in midlife—more drastically in women than in
men—the osteoclasts gain the upper hand and bone mass begins dwindling away. Some bone is already being lost by the time
women reach menopause, but the rate of loss can increase as much as tenfold during the first six years after menopause. This
is the essence of type | osteoporosis.

From midlife onward, bone health is threatened by overactive osteoclasts. To add to the problem, the osteoblasts may become
less active from age 60 onward, thus causing type Il osteoporosis. Whereas trabecular (spongy-looking) bone in the vertebrae
and elsewhere was formerly at risk from excess osteoclast activity, now the cortical (dense) bone of the hip, shin, pelvis, and
other sites becomes more prone to fracturing because osteoblasts do not make enough of it.

A fractured hip is an all-too-common prelude to death in elderly adults, and, at an average cost of $40,000, an economic burden
on patients, families, and the health care system.s Over 30% of all hip fractures occur in men.4

WHO IS AT RISK?

Genetic factors help set the stage for osteoporosis.s Americans of European or Asian ancestry are more susceptible than
African-Americans. Our genetic “cards” are shuffled with each generation, so you may not have received all the same genes as
your osteoporotic relative.

Regardless of the genetic hand you were dealt, your chances of developing osteoporosis greatly depend on your environment and
health habits. Individuals with a slight frame or a history of anorexia or bulimia are at greater risk for osteoporosis later in life. A
history of amenorrhea, or the absence of menstrual periods, also increases risk. Smoking and heavy alcohol use promote weak,
brittle bones. A high-phosphorus diet—epitomized by a fast-food hamburger and soft drink—causes a calcium-phosphorus
imbalance that favors osteoporosis. Inactivity and lack of weight-bearing exercise, as in space travel or prolonged bed rest, also
weaken the bones.



" | Age itself is a factor for bone health. Hormonal balance changes with age, as levels of
fi bone-protecting sex hormones decline, more precipitously in women than in men. The

{ hormonal form of vitamin D—ai,25-dihydroxyvitamin D—declines, as do melatonin and
0 " dehydroepiandrosterone (DHEA). Cortisol and parathyroid hormone increase with age.

,.l : Hormones such as testosterone, estrogen, and progesterone generally favor bone
¥ maintenance, as do vitamin D, DHEA, and melatonin.s The thyroid, parathyroid, and
.ﬁ" = glucocorticoid hormones (such as cortisol) favor bone destruction.

Unfortunately, medications such as cortisone-type drugs cause some cases of
osteoporosis. Antiepileptic drugs can also weaken the bones, apparently by interfering with
vitamin D metabolism.7 Lithium, tamoxifen, and very high doses of thyroid hormone likewise may reduce bone mass.s

REDUCING RISK WITH CALCIUM

Adults can reduce their risk of osteoporosis by engaging in regular weight-bearing exercise, eating a variety of healthy foods,
avoiding tobacco and alcohol, and minimizing their use of bone-weakening prescription drugs.

Foods that promote bone health include calcium sources—such as dark green leafy vegetables, broccoli, legumes, canned
salmon, and sardines—and dairy products like milk and cheese.

Paradoxically, osteoporosis is quite common in Sweden and Norway, where milk consumption is high. Among the explanations
advanced for this anomaly are excess vitamin A intake from fortified milke and widespread vitamin K deficiency.10

Daily calcium requirements vary by age. The National Academy of Sciences and National Osteoporosis Foundation recommend
the following guidelines:11

Age range Daily amount
1-3 years 500 mg

4-8 years 800 mg

9-18 years 1300 mg
19-50 years 1000 mg

Over 50 years 1200 mg

While obtaining your daily calcium requirement from foods would be ideal, the fact is that many
Americans’ diets often fall short in this regard. Hence, calcium supplements are good insurance
against deficiency. Some doctors, no doubt attempting to be helpful, suggest chewable antacid tablets as a calcium supplement
for their patients. That is not a good idea, however, because the type of calcium in those tablets—calcium carbonate—is poorly
absorbed, especially in many elderly people who lack adequate stomach acid.

Preventing deficiency should perhaps begin at an early age, when the bones are still growing. In one double-blind study, 94
teenage girls were given calcium citrate malate (a form of calcium preferred for its absorbability) or placebo for 18 months.12 The
supplement increased the girls’ calcium intake from 80% of the recommended dietary allowance to 110%, with striking results:
24 grams more bone gained in the calcium group, amounting to an additional 1.3% of skeletal mass per year. This “head start”
should protect these young women from the risk of osteoporotic bone fracture later in life.



The same research team repeated their study of calcium citrate malate with a somewhat larger
subject group for 24 months.13 The results and conclusions were similar. The calcium’s
effectiveness depended on the subjects’ degree of physical maturity, a reflection of their sex
hormone activity.

Long after a person’s bone mass has begun to decline, calcium can still protect by slowing the rate
of loss. In a study from the USDA’s Human Nutrition Research Center on Aging at Tufts University,

men and women aged 65 or older were given 500 mg of calcium citrate malate and 700 U of vitamin
D daily for three years. The supplemented group had less than half as many non-vertebral fractures

as the placebo group, and significantly less total-body bone loss.14 An earlier study from the same

institution showed benefits from added calcium in postmenopausal women with inadequate calcium
intakes; a supplement of calcium citrate malate performed better than calcium carbonate.1s

MEDICAL TESTS AND TREATMENTS

Several tests are available to measure bone mineral density, and all are considered good predictors of risk for future fracture.
Dual-energy x-ray absorptiometry (DEXA) uses a small amount of radiation to measure bone density in the spine, hip, or wrist,
the most common sites of osteoporotic fractures. Bone mineral density of the hip is considered the best predictor of hip fracture
risk, while central DEXA of the hip and spine is the preferred measurement for definitive diagnosis. Peripheral DEXA or single-
energy Xx-ray absorptiometry can be used to measure bone mineral density in the forearm, finger, and sometimes the heel.
Quantitative computed tomography (QCT) measures trabecular and cortical bone density at several skeletal sites, but is most
commonly used to measure trabecular bone density in the spine. Ultrasound densitometry assesses bone in the heel, tibia,
patella, or other peripheral sites. While ultrasound measurements are generally not as precise as DEXA or QCT, they appear to
be useful in predicting fracture risk.s

A diagnosis of osteoporosis is based on the measurement of bone mineral density at the spine, hip, or wrist. Normal bone
density is indicated by a measurement that is within one standard deviation of a normal young adult, or a T-score between -1.0
and 1.0. The World Health Organization defines osteoporosis by a measurement of bone mineral density that is 2.5 standard
deviations below that of a healthy young person, or a T-score at or below -2.5. T-scores between —1.0 and —2.5 signify
osteopenia, a lesser degree of bone mineral loss.9

In addition, biochemical markers can be assessed to provide an indication of bone turnover. While
these are useful for evaluating the success of therapy, they do not measure bone mass and so do
not directly indicate the presence of osteoporosis. Biochemical markers include N-telopeptide, C-
telopeptide, and deoxypyridinoline.

Bone mineral density should be tested on all women aged 65 or older, in any postmenopausal
woman with a fracture, and in postmenopausal women with one or more risk factors (such as
smoking, low body weight, or use of certain prescription drugs). Some health providers recommend
bone density screenings at an even younger age as part of a comprehensive approach to preventive
health care.

Medical treatments for osteoporosis include drugs, hormones, and nutrients.16 The most commonly
used drugs are bisphosphonates and selective estrogen-response modifiers (SERMs). The
bisphosphonates (such as Fosamax® and Actonel®) suppress osteoclast action, promote apoptosis (cell suicide) in
osteoclasts, and prevent fractures. SERMs such as raloxifene (Evista®) provide the osteoclast-suppressing benefits of natural
estrogen, without estrogen’s risk of uterine and breast cancer.

In place of SERMs, many integrative medical practitioners prefer soy
isoflavones such as genistein and daidzein, which stimulate estrogen DETERMINING BONE MINERAL
receptors in bone cells without undesirable activation of uterine and breast DENSITY: WHICH TEST IS BEST?
cells. In one recent double-blind, placebo-controlled trial in China,
postmenopausal women received various amounts of soy extract along with
conservative doses of calcium and vitamin D. The women who took the most
soy (80 mg of isoflavones) lost the least bone from the hip area.17

While the DEXA test for bone mineral density
has been considered the gold standard of
osteoporosis diagnosis, research indicates

o that the quantitative computed tomography
The preponderance of osteoporosis in postmenopausal women, compared t0 | (QCT) test may be a superior choice.

men of similar age, was long believed to reflect estrogen deficiency. For




many years, hormone replacement therapy was offered to women as an
osteoporosis-prevention strategy, though most doctors prescribed horse-
derived estrogens that are not identical to human estrogens. Because
estrogen can promote breast and uterine cancers, and increase heart
disease risk, its use is now controversial, with some clinicians
recommending itis and others warning against it.19

Male hormones such as testosterone build bone.20 In women, however,
testosterone’s side effects include excess hairiness, or hirsutism, and
deepening of the voice. The combination of testosterone and estrogen builds
bone in osteoporotic women.21

The hormone calcitonin inhibits bone breakdown by osteoclasts. Calcitonin
derived from salmon is available for administration by injection or as a nasal
spray.2 Another hormone recently approved for medical use is teriparatide,
which is a fragment of the human parathyroid hormone.22

The idea of using parathyroid hormone to treat osteoporosis might seem
contraindicated, as sustained high levels of parathyroid hormone stimulate
osteoclasts that resorb bone. However, when a patient is intermittently
dosed with a synthesized fragment (the 1-34 part) of parathyroid hormone,
the bone-building osteoblasts are stimulated.2s This therapy is an exciting
new development because it can add bone mass.24,25 It works in conjunction
with vitamin D,26 though combining it with a bisphosphonate seems to be
unnecessary, or even detrimental.27

New therapies for the treatment of osteoporosis are under development. For
example, Amgen is investigating the use of AMG 162, a genetically
engineered antibody that mimics the action of the body’s natural

In a study conducted at Massachusetts
General Hospital in Boston, investigators
assessed bone mineral density in men with
prostate cancer, a population frequently
affected by low bone density.* The researchers
used both the DEXA and the QCT
measurements of bone density to assess bone
density in 41 men. Using the DEXA
assessment, 14 of the 41 men, or 34%, were
found to have osteopenia or osteoporosis, as
determined by a T-score of -1.0 or lower. When
the same men were assessed using QCT, 39
of the 41 participants, or 95%, were found to
have either osteopenia or osteoporosis. Thus,
the QCT assessment was a more sensitive
method than DEXA in diagnosing low bone
mineral density. It has been speculated that
DEXA may read degenerative changes involving
bone and joint tissues and calcium deposits
within blood vessels as bone density, making
this test less sensitive than the QCT test,
which isolates metabolically active bone for
analysis.

* Smith MR, McGovern FJ, Fallon MA, Schoenfeld D,
Kantoff PW, Finkelstein JS. Low bone mineral density in
hormone-naive men with prostate carcinoma. Cancer.
2001 Jun 15;91(12):2238-45.

osteoprotegerin protein for potential use in postmenopausal osteoporosis. Phase 3 studies on AMG 162 are currently under way.

(More information is available at www.amgen.com.)
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NUTRITIONAL TREATMENTS

One treatment that can be considered both hormonal and nutritional is vitamin D. In its active,
hormonal form, vitamin D enhances absorption of calcium from the small intestine. Its deficiency
results in inadequate skeletal mineralization (rickets in children) or mineral depletion (osteomalacia
in adults). When vitamin D is lacking, the parathyroid gland’s output increases to compensate for
low calcium in the body, and the unfortunate result is more bone resorption—the hallmark of
osteoporosis. Although 400-600 IU is the recommended daily dose of vitamin D for adults over the
age of 50, the National Osteoporosis Found-ation recommends 800 IU for those at risk of
deficiency. The safe upper dose is at least 2000 IU per day.2s

Along with vitamin D, doctors routinely prescribe calcium for their osteoporotic patients and others
at risk. One standard reference suggests a baseline preventive dietary intake of at least 1000 mg of
calcium a day, unless osteoporosis risk factors or the disease itself is present, in which case the
recommendation is 1000-1500 mg from calcium supplements.2 Because a daily dietary intake of
600 mg a day of calcium is about par for most Americans,s calcium supplements clearly need to be
used for preventing osteoporosis as well as treating it.

Although everyone with osteoporosis can probably benefit from calcium, it is especially important for those on bisphosphonate
drugs to receive adequate daily calcium and vitamin D. In fact, low blood calcium is a contraindication to the drugs.29

Many forms of supplemental calcium are available on the market. In one study, calcium in the form of its citrate and malate salts
(calcium citrate malate) was absorbed better than milk calcium and calcium carbonate.3o In another study, calcium citrate
malate was most absorbable, followed by milk calcium, calcium carbonate, and calcium phosphate.31 Calcium citrate decreases
biochemical bone resorption markers unaffected by calcium carbonate.32 As for much-touted coral calcium, it outperformed only
calcium carbonate in the sole comparison contained in the peer-reviewed literature.3s

Calcium has many health benefits beyond maintaining bone strength. It helps regulate the heartbeat, transmits nerve impulses,
assists blood clotting, activates enzymes, and stimulates hormone output. Calcium even protects against colon polyps,
especially the kind most likely to turn cancerous.34

THE BONE-BUILDING TEAM

Calcium may excel at building bone, but it cannot work alone.3s Calcium’s bone-building team has
many players. The most important are the mineral elements magnesium, manganese, boron,
silicon, zinc, and copper, as well as vitamin D3, the natural form of vitamin D. Vitamins C and K
also play key roles.

The teamwork effect is nicely illustrated in a study by Strause and colleagues,ss who gave calcium :
citrate malate—either with or without the trace minerals zinc, manganese, and copper—to healthy N
postmenopausal women over a two-year period. The researchers evaluated spinal bone loss. The B
most loss occurred in women receiving placebo (with no calcium). At the end of the study, the group that had received both
calcium citrate malate and the trace minerals was clearly better off than the placebo group, whereas other between-group
comparisons were not significant.

Magnesium is an important team player, with a role in regulating active calcium transport. Some studies have associated its
dietary intake with increased bone mineral density. A two-year study of postmenopausal women supplemented with magnesium
showed significant protection from osteoporosis and greater bone mineral density.37 Many doctors favor maintaining a
magnesium intake that is approximately half your calcium intake as measured in milligrams.



Herbalists have long used a silicon-rich plant called horsetail to heal bones. In animals, silicon
deficiency causes bone defects. Dietary silicon is absorbed as orthosilicic acid, which has recently ¢
been shown to stimulate the synthesis of collagen type 1 (the kind found in bone matrix) and to

induce characteristic osteoblast enzymes in osteoblast-like cells.3s In a small retrospective study,
women who received silica had significantly increased bone mineral density in the femur.39

Boron may mimic the action of estrogen, a hormone that protects bone health. In one report,
postmenopausal women lost calcium and magnesium from their bodies when they were made

boron deficient, and retained those minerals on a boron-supplemented diet; they also manufactured , /
more estrogen and testosterone when on boron supplementation. In another study, vitamin D status .
improved in boron-deficient women after they received boron.4o

Vitamin D acts as the “gatekeeper” of calcium by facilitating its absorption in the intestine. Natural

vitamin D3 comes from sunshine and animal sources. A plant-derived form, vitamin D2 or \
ergocalciferol, is a common additive to dairy products. Vitamin D3, whether ingested or created

naturally by the action of sunlight on the skin, is carried to internal organs that convert it into a potent, hormonal form. Only a few
minutes of full sun exposure will create thousands of units of vitamin D3.41,42

If vitamin D is calcium’s gatekeeper in the body, vitamin K is its shepherd. Vitamin K
ensures that calcium goes into the bones where it belongs, and stays out of parts of the
body such as the arteries where it does not belong. It accomplishes this by helping an
enzyme that activates special Gla-proteins that control calcium deposition.4s Using
vitamin K does not require a physician’s supervision; however, because vitamin K is
involved in blood clotting and may interact with certain medications, it should not be used
by those taking anti-coagulant drugs like Coumadin®.

Finally, vitamin C helps to create the collagen-rich bone matrix. One component of
collagen (connective tissue) is hydroxyproline, an amino acid formed when proline
becomes hydroxylated, a step that requires vitamin C. That is why bones break so easily and tissues are so weak in people with
scurvy, which is the overt form of vitamin C deficiency. Although scurvy is rare, scientists like Linus Pauling and Irwin Stone long
ago pointed out that most of us exist in a state of chronic subclinical scurvy due to near-universal insufficiency of vitamin C in our
diet.s4

OSTEOPOROSIS PREVENTION GUIDELINES

The National Osteoporosis Foundation, which provides educational material to the public and health professionals, has posted on
its website (www.nof.org) the following guidelines for preventing osteoporosis:

Get your daily recommended amounts of calcium and vitamin D
Engage in regular weight-bear- ing exercise

Avoid smoking and excess alcohol

Talk to your doctor about bone health

Have a bone density test and take medication if appropriate.

To these well-conceived rules, the Life Extension Foundation adds four more:

Make sure that your calcium supplement supplies enough elemental calcium and that you are also getting adequate
amounts of vitamin D, magnesium, manganese, zinc, and vitamin K

Consume at least 2000 mg of vitamin C each day

Eat foods that are rich in calcium, other minerals, vitamins, and isoflavones, and that are relatively low in phosphorus; pay
special attention to dark leafy greens, soy and other legumes, whole grains in moderation, and milk products

Regardless of your gender, consider natural hormone replace ment from midlife onward with appropriate hormones, under
medical guidance.

While a certain amount of bone loss may occur with aging, developing osteoporosis is certainly not inevitable. Regardless of
genetic risks, most of us can maintain strong, fracture-resistant bones throughout our lifetimes by avoiding dietary and lifestyle
habits that lead to bone loss, exercising regularly, receiving preventive health check-ups, and nourishing our bone-building cells
with bioavailable calcium and other supportive nutrients.
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