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Some thoughts on osteoporosis in women

ANGELO A. LICATA, MD, PHD

m Osteoporosis is a debilitating disease of the elderly that has an enormous impact on health costs. New
thoughts about pathophysiology are emerging. Age-related changes in skeletal metabolism and hormonal
alterations and changes in lifestyle patterns present an array of risk factors. Many regimens are available to
treat established disease. Most programs are aimed at preventing further mineral loss. Experimental

therapies are directed toward stimulating bone growth. Prevention is the key to treating disease.
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STEOPOROSIS is the most common meta-

bolic bone disease of humanity. Its cause is

multifactorial. The major etiological compo-

nents are diet, hormonal factors, and lifestyle
patterns. In most patients, inheritance, concurrent dis-
eases, and drugs play a minor role. The disease has a long
latent period that produces no symptoms or radiological
changes until skeletal loss is irreversible. However, the
new techniques of bone densitometry detect calcium loss
early and monitor treatment objectively. Prevention,
rather than treatment, is advocated today.

For established disease, however, there is no univer-
sally accepted treatment. Numerous regimens are used to
prevent further skeletal loss. These include calcium,
estrogen, vitamins, exercise, calcitonin, and fluoride.!?
Newer treatments that stimulate new bone growth are
being studied. This paper reviews all these modalities.

The annual cost attributable to osteoporosis is over 6
billion dollars for acute and convalescent care.’ Over a
million fractures occur yearly. About 40% of these are
vertebral, 20% femoral, 15% distal forearm, and the
remainder are of other skeletal sites. In general, there is
a higher incidence of vertebral and Colles (distal fore-
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arm) fractures in the immediate postmenopausal years.
The latter type reaches peak incidence in the sixth
decade, whereas the former continues to increase with
age. For femoral fractures, the incidence slowly increases
with age but rises exponentially in late life. This fracture
is fatal in approximately 10-20% of patients and ac-
counts for most of the rehabilitative cost in those who
survive,

From the pathological viewpoint, this disease de-
creases the amount of normal bone to the point where
minor trauma or routine activity produces fractures of
the spine, hips, ribs, or wrists. Two forms of this disorder
are postulated based upon the type of fracture.* One type
arises in the postmenopausal years from a deficiency of
estrogen. Bones with high trabecular content, such as
vertebrae and wrists, are affected because these are sen-
sitive to estrogen levels. Decreased parathyroid function,
calcium absorption, and vitamin D metabolism also
occur. The other type of fracture usually occurs later in
life and is attributable to aging. However, one cannot
discount the late effects of early postmenopausal hormo-
nal deficiency and diet and lifestyle (e.g., exercise) habits
even earlier in life. Bone loss is trabecular and cortical,
and affects the hip and spine. Compensatory hyper-
parathyroidism is found, associated with decreased vita-
min D production and calcium absorption.

It has been estimated that, over a lifetime, a woman
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loses about 35% of the cortical and 50% of the trabecular
bone mass. An age-related component begins between
the third and fourth decade and accounts for a yearly loss
of 0.3-0.5%. Menopause accelerates this loss to 2-3%
annually.® But later there is a return to the rate of loss
associated with aging, 0.3-0.5%. Recent studies indicate
that skeletal loss may even occur before menopause due
to relative lack of estrogen that is not evident from
altered menstrual patterns.’

CAUSES OF SKELETAL LOSS

The age-dependent loss of bone is due to impaired
osteoblastic function.! In youth, the forces of formation
and resorption are tightly coupled so that bone mass is
conserved. With aging, an uncoupling results in less
formation for a given degree of resorption. This de-
creased osteoblastic function is selective, since repair of
skeletal fractures is not altered.'®

Other physiological changes of aging compound this
process. Calcium absorption is impaired.!! Some studies
show decreased formation of vitamin D due to lack of
estrogen.'>* Others, but not all, find an insensitivity to
parthyroid hormone.'** There follows a secondary state
of hyperparathyroidism that might augment the overall
bone loss.’*" Although calcitonin secretion decreases
with age, it is unclear what role calcitonin plays.'®" Data
show that calcitonin deficiency in thyroidectomized
patients is associated with decreased mineral density.?
By inference, such deficiency may aggravate osteoporo-
sis.

Diet may contribute to skeletal loss. Calcium defi-
ciency has been considered a major factor in the past and
has become a focus of renewed interest.” The NIH
consensus development panel on osteoporosis discussed
this in its recommendations.’ If poor nutritional habits
develop in youth, a lifelong deficiency of calcium would
produce a less than maximally calcified skeleton to
withstand the negative effects of aging. This lack of
maximal skeletal strength would lead to signs of osteopo-
rosis at an early age.

Other nutritional factors have also been implicated in
skeletal loss. Two major issues are a decreased calcium/
phosphate ratio (i.e., increased dietary phosphorus) and
increased intake of protein. Data in the veterinary litera-
ture show that a high-phosphate diet can promote osteo-
porosis in certain animal species.”?? In humans, how-
ever, this is not easily demonstrated.”” Moreover, phos-
phate depletion may aggravate skeletal loss in some
cases.” Epidemiological data suggest that a lifelong high-
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protein diet might lead to osteopenia.?*® Some experi-
mental studies in humans, but not all, show that in-
creased dietary protein promotes hypercalciuria and, sec-
ondarily, a negative calcium balance.*** The contribu-
tion of these factors to osteoporosis is unclear. In young
experimental animals, these diets promote abnormal os-
teogenesis.>*

A lack of weight-bearing activity negatively affects
calcium balance. The hallmark of this phenomenon is
the mineral loss associated with space flight.* To what
extent a lifetime of physical inactivity alters the skeleton
in later life is not understood. Short-term studies show
that physical activity increases bone density by a small
percentage.***” Presumably, this may alter the progres-
sion of osteoporosis. Some of the beneficial effects may be
due to strengthening of back muscles.®® On the other
hand, excessive exercise (i.e., long-distance running) in
young women may cause low mineral density due to
altered menstrual function and estrogen status.>* Run-
ning over 40 miles per week is associated with these
problems, whereas running less than 25 miles per week is
not.* However, this issue is more complex than initially
realized since abnormal secretory dynamics of gonad-
otropins, and not intensity of exercise, may be the critical
factor.® In contrast, older people (i.e., 50-72 years of age)
benefit from intense exercise, such as running 25 miles
weekly.*!

Other risk factors include overuse of tobacco, alcohol,
and caffeine. Alcohol abuse leads to skeletal disease of
varying histomorphometry.# In some alcoholic subjects
with gastric resection, there is an abundance of osteoid
and osteoclasts. In others, typical osteoporosis is found.*
Routine serum chemical values and vitamin D levels are
normal.” There is a mild increase in parathyroid activity
as assessed from cyclic AMP measurements and PTH
measurements.” Alcohol-induced cortisol excess may
also contribute to skeletal loss.*#

Epidemiological and experimental data show that
women who smoke cigarettes have an earlier menopause,
a higher incidence of vertebral compression fractures,
increased loss of metacarpal cortical bone, and a lower
urinary estrogen level.*#” Women who smoke an average
of 12 cigarettes a day have a lower serum estrogen, even
when taking oral supplements.® If the effect on en-
dogenously produced estrogens is similar, then the ab-
normal menstrual patterns and bone loss are readily
understandable.

Caffeine may have a negative effect on bone metabo-
lism, but the data must be accepted with some reserva-
tion. Metabolic balance studies show that small amounts
of caffeine (i.e., two cups of coffee per day) cause a net
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daily loss of 6.0 mg of calcium.® It is inferred that larger
quantities may produce losses of 40 mg or more daily that
could eventually produce the skeletal losses seen in
osteoporosis. However, to extrapolate these data to levels
of caffeine intake consumed in more than 10 cups a day
(85 mg of caffeine per cup) may not be truly warranted in
light of experimental studies in rats.®® The deleterious
effect of chronic administration of large doses of caffeine
on calcium balance in experimental rats was not evident
so long as the animals were able to increase calcium
absorption. This increase in efficiency is directly related
to an increase in the production of vitamin D. The
caveat, however, is that the older animals that have
impaired vitamin D production may be deleteriously
affected by caffeine. This has not been studied in human
subjects.

BONE DENSITOMETRY

More than 30% of skeletal calcium must be lost before
it is discernible on a routine radiograph. Hence, the
disease progresses relentlessly for years until it produces
clinical symptoms. With the advent of bone densitom-
etry, it is possible to detect osteopenia many years before
it becomes clinically or radiologically evident.

The major forms of densitometry are single (SPA) and
dual-photon absorptiometry (DPA) and quantitative
computed tomographic (QCT) scanning. Each has
unique advantages and disadvantages.

Single-photon absotptiometry was the earliest tech-
nique developed to measure skeletal “density.” It does
not measure a true density but an areal (two-dimen-
sional) value. It quantitates mineral in the distal forearm
where cortical bone predominates, is associated with
minimal radiation exposure (i.e., about 5x10¢ Gy per
scan), is useful for mass screening, and has excellent
precision. Its major drawback is that it measures calcium
in an anatomical region that does not correlate well with
the early trabecular bone loss in the hip and vertebrae.’!
Hence, SPA will not detect the early stages of postmeno-
pausal osteoporosis.

Dual-photon absorptiometry (DPA) measures skeletal
density in the lumbar and femoral neck areas where
trabecular bone loss is greatest.”*’3 This technique also
quantitates a two-dimensional value because it does not
measure depth. Radiation exposure is about 1.0-1.5 X
10° Gy. Results are spuriously elevated by compression
fractures and extraosseous calcifications. However, it can
detect early loss of trabecular bone in osteoporotic pa-
tients even when SPA measurements are normal.
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QCT scanning measures cubic density of bone in the
vertebrae.’>>* Radiation exposure ranges from 1-10 Gy
depending on the scanner and radiation source (i.e.,
single versus dual energy). Measurements are influenced
by factors attributable to the physics of the machinery,
programing techniques, and body fat.545

Despite these advances, there are many concerns
about the inappropriate use of this equipment and the
financial burdens it may impose on the health care
system.’® Charges for densitometry vary considerably.
SPA ranges from $35 to $120 per scan, DPA $100 to
$300, and QCT $100 to $350." The initial investment
in the SPA equipment is about $10,000 to $25,000, with
an added cost of $800 to $1,600 every four to six months
for the isotopic source. The DPA instruments cost
$30,000 to $70,000 and use an isotopic source that costs
$7,000 every 1'/, years. QCT measurements can be per-
formed on existing CT scanners after modifying software
appropriately and using skeletal standards called phan-
toms. Generally, these cost $5,000 to $15,000. The
initial investment in the scanner, however, is $300,000
to $1,200,000.%

The major question, however, is whether these meas-
urements can ascertain which patients are at risk for
fracture. At present, the data help assess risk of fracture
in large populations but do not accurately predict the risk
in an individual. This may be because these techniques
do not assess all qualitative aspects of bone that provide
strength.”® Since the predictive value of a measurement
is at present not very good, mass screening of women is
not an ideal use of these instruments. The instruments
are best used to ascertain the mineral content in high-
risk patients and monitor the effect of therapy that may
be either expensive or potentially toxic.”® Finally, it
should be kept in mind that longitudinal measurements
performed over short periods (i.e., months) in the same
patient may not be accurate, since the skeletal loss is less
than the error in measurement.®

TREATMENT

Osteoporosis is not treated effectively once the disease
is clinically present. Prevention is an important issue for
the younger individual, while specific treatment to pre-
vent pain and stop further bone loss is important in the
older patient.

The younger patient with minimal osteopenia and no
symptoms of osteoporosis is a major focus of all present-
day programs. The more bone mass present at a younger
age, the greater the probability that prevention will
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maintain this skeletal mass into later life. A nutritious
diet with at least a gram of elemental calcium per day and
daily exercise is paramount to maintain overall skeletal
health. Use of estrogen at menopause is the best protec-
tive treatment known.®® The relationship between
estrogen and endometrial and breast cancets is still being
discussed.5%® Recent studies indicate acceptable risk for
the use of this drug and even emphasize an enhanced
quality of life that exceeds the benefits to the skeleton
alone.® Concurrent use of progestins reduces the risk of
endometrial cancer, but the best formulation and dose is
unclear.”” The usual dose of estrogen is 0.625 mg per
day given for 25 days and for the last 10 days of the cycle,
10 mg of medroxyprogesterone or 2.5-5.0 mg norethin-
drone given concurrently with estrogen. A number of
side effects may occur, such as withdrawal bleeding,
breast tenderness, and premenstrual tension. Menstrual
bleeding is much less than that noted in the reproductive
years. By age 65, about 40% or more of women will have
no cyclic withdrawal bleeding, in spite of no change in
the hormonal dosage. Any bleeding during the hormonal
cycle, however, must be investigated.

The best treatment in the elderly patient with estab-
lished disease is still a problem. Although estrogen has a
protective effect in early menopause and may be helpful
in later life, markedly osteopenic bones need more than
protection; they must be strengthened. To do this, sev-
eral regimens have been used.

In combination with calcium and estrogen, sodium
fluoride in doses of 40—60 mg/d increases skeletal density
and markedly decreases fracture.” The drug is still con-
sidered experimental and is undergoing clinical trials. It
is not clear how to select patients for this treatment.
About 40% of patients do not show a response.” Supple-
mental calcium, and perhaps vitamin D, is needed daily
to prevent fluoride-induced osteomalacia.” Significant
side effects include nausea, vomiting, fasciitis, anemia,
and stress fractures.” A new preparation may prevent
some of the gastrointestinal problems.”

Supplemental calcium should be given all women to
ensure that the total daily dietary intake is 1.0-1.5 g.
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