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INTRODUCTION

Until very recently it was extremely difficult to evaluate the efficacy of various
treatments proposed for. osteoporosis. Previous criteria included production of posi-
tive calcium balance, reduction of frequency of fractures, prevention of loss of
height, and subjective endpoints such as relief of pain. The advent of a number of
reliable noninvasive methods for quantitation of bone mineral mass has made objec-
tive evaluation practicable. Tracer kinetics and microradiography of bone biopsy
material have added valuable information on mode of action though interpretation
of such data without consideration of effects on bone mass has led to some serious
misconceptions.

Terminology

A serious source of confusion has been the imprecise use of the word osteoporosis.
This is a time-honored word meaning decreased bone mass. What bone remains is
normally mineralized; there is just too little bone. Because this term was widely
misused for nonspecific radiolucency of any cause (from artifact to metastatic can-
cer), Goran Bauer introduced the alternate term osteopaenia from the Greek for
poverty of bone. Predictably, this term has been similarly misused. A current term,
age-related bone loss, correctly indicates that bone mass eventually decreases with
age in all races and in both sexes. It fails to note that bone loss is far greater in
women than in men; that bone mass is quantitatively preserved in women until the
menopause when it declines pracipitously; that the fragility of the skeleton thereafter
frequently leads to fractures of the vertebrae, wrists, and hips in women but only
rarely and at a later age in men; and that in women the bone loss which follows loss
of ovarian function is preventable by rather small doses of estrogens. For this
condition, therefore, the term postmenopausal osteoporosis, coined by Albright in
1940 (1), now seems better descriptive and more appropriate.
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Causes of Osteoporosis

Osteoporosis also occurs commonly in immobilization (“disuse atropy of bone’); as
aresult of an excess of osteolytic agents (endogenous or exogenous adrenal glucocor-
ticoids, thyroid hormones, heparin, cytotoxic chemotherapeutic agents), in liver
diseases (alcoholic or biliary cirrhosis, hemochromatosis), in young people of either
sex with hypogonadism; and rarely for no apparent reason, “idiopathic osteoporo-
sis.”” Many of the last-named category are probably the result of previous immobili-
zation, alcoholism, or other known causes of osteoporosis, no longer present or
obvious when the disease is first recognized. Osteoporosis also occurs rarely as a
transient, self-limited disease in children; in scurvy; in protein-calorie malnutrition;
and as a result of weightlessness in space flight. Clinically, radiologically, by tracer
kinetics, and, most important, in their response to treatment, these various os-
teoporoses are quite different from each other and at different stages in each disease.
Much confusion has resulted from extrapolating results observed in one form of
osteoporosis to others. Osteoporosis can result from too little bone formation or too
much bone breakdown, usually known as resorption, catabolism, or osteolysis.
Normally, these two processes—formation and resorption—are homeostatically
linked to each other. As will be seen, pharmacologic agents can primarily affect
either or both of these processes. It should be noted that osteoporosis is quite
different from osteomalacia (deficient mineralization), osteitis fibrosa (hyperpara-
thyroid bone disease), and many other diseases of bone causing radiolucency and
fragility of the skeleton.

POSTMENOPAUSAL OSTEOPOROSIS

This condition constitutes a serious public health problem affecting many millions
of ethnically predisposed postmenopausal or oophorectomized women. In contrast,
it is rare for men to have symptomatic osteoporosis before age 70 unless they have
been immobilized (e.g. by paralysis or fracture), or have been exposed to large doses
of corticoids or alcohol, or have liver disease, long-standing diabetes mellitus, or
intestinal malabsorption, e.g. after gastrectomy. Treatment has not been studied for
any of these except those forms caused by immobilization and corticoid overdose
(see below). Blacks, of either sex, are rarely affected (2). Osteoporotic fractures
occur commonly in women of Oriental or Latin-American ancestry though the
exact frequency has not been ascertained. Bone mineral mass measurements in a
California community show black>yellow>white (3). Present data indicate that the
most frequently affected woman is the postmenopausal or oophorectomized white
woman. She has usually lost a significant amount of bone (>2 standard deviations)
by age 65 (Figure 1) when 26% of untreated white women have vertebral fractures
(4), increasing to 50% by age 75 (5). Hip fractures double in frequency in white
women every 5 years after age 60, causing considerable morbidity and mortality (6).
In contrast, hip fractures are one tenth as frequent in men and are uncommon in
black women (7). Asymptomatic age-related bone loss is often called physiologic
while osteoporotic fractures are clearly pathologic. Measurements of bone mass
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Figure ] Bone mineral mass in normal premenopausal women according to age (4) and in
normal postmenopausal women in relation to number of postmenopausal years (B). [Re-
printed with permission from (8).]

show that vertebral and hip fractures (9) are associated with significantly greater
bone loss than normal. Therefore, pathologic osteoporosis can be regarded as a
complication of advanced physiologic, age-related bone loss.

Postmenopausal osteoporosis is probably the most frequent of the symptomatic
osteoporoses, causing more disability and affecting more people than any other
form. More is known of the etiology, pathogenesis, clinical and roentgen characteris-
tics, epidemiology, prevention, and complications of this entity than any of the other
osteoporoses. Fragility of the skeleton of the aging woman has existed from ancient
times and the responsible bone loss is evident in paleopathologic specimens studied
today (10, 11). It is therefore surprising that this sexual dimorphorism was not
described until 1882 when Bruns noted that hip fractures after age 50 are much more
frequent in women than in men (12). This difference was then assumed to reflect
the result of tripping over long skirts, but current data show that the same female
preponderance of hip fractures still persists in England (13) and Scandinavia (6)
today where the long-skirt hypothesis is no longer tenable.

Relation to Estrogens

Albright first related osteoporosis to the menopause (1, 14, 15) and shortly after to
congenital ovarian deficiency (16). He showed that 1 mg of stilbestrol reversed the
negative calcium and phosphate balances of such women. Henneman & Wallach,
in a retrospective study of Albright’s patients, found that estrogen therapy for
menopausal symptoms prevented loss of height and that estrogen therapy for ad-
vanced postmenopausal osteoporosis with vertebral factures and loss of height, in
most cases, prevented furthershrinkage (17, 18). (The few who continued to fracture
may have received an inadequate dose.) Hernberg reported a similar series in 1960
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with confirmatory results (19). In a 25-year prospective study, Gordan, Picchi &
Roof (20) found that women treated with androgenic-anabolic steroids (fluoxymes-
terone, oxandrolone, oxymetholone, norethandrolone, anvene, methyltestosterone,
methylandrostenediol, testosterone enanthate, nandrolone phenopropionate), which
were poorly tolerated because of their androgenicity, had a fracture rate of 40 per
1000 patient-years, not significantly different from the 50-70 normally sustained by
untreated osteoporotic women (21, 22). In contrast, full-dose estrogen replacement
therapy (conjugated estrogens USP 1.25 mg daily for 20-25 consecutive days each
month) virtually abolished further fractures in women with advanced post-
menopausal osteoporosis who, on estrogen treatment, sustained only three fractures
per 1000 patient-years. In the estrogen-treated group, reduction or cessation of the
dose of estrogen was promptly followed by recurrent fractures; the rate rose to 25
per 1000 patient-years. When these women resumed their full replacement dose of
estrogen, fractures ceased.

Reduction of the fracture rate in estrogen-treated oophorectomized women was
reported in 1976 by Burch, Byrd & Vaughn (23). In 14,318 patient-years of estrogen
treatment, 40 wrist fractures were expected; only 12 occurred. In this very large
series, no hip fractures occurred at all! (J. Burch, personal communication, June 10,
1976). Both in the series of Gordan et al, whose 220 osteoporotic women received
1864 patient-years of estrogen therapy, and in that of Burch, Byrd & Vaughn, whose
1000 hysterectomized women received 14,318 patient-years of estrogen therapy,
cancer incidence and mortality were less than expected from actuarial data. A very
large number of reports, reviewed by Gordan & Vaughan (24) in 1976, shows that
cyclically administered estrogens in doses corresponding to ethynyl estradiol or
mestranol 50 ug, stilbestrol 1 mg or conjugated estrogens USP 1.25 mg daily for
20-25 consecutive days each month does not increase the incidence of cancer,
thrombophlebitis, heart disease, or stroke. These doses can cause salt and water
retention, aggravate fibroids or migraine, and are associated with an increased
incidence of gall bladder disease.

Prevention of bone loss by estrogen replacement after oophorectomy or the
menopause has been well described in retrospective studies by the Meemas (8, 9,
25-27) and in well-controlled prospective studies by Aitken et al and Lindsay et al
(28-30), and by Heaney, Recker, and their co-workers (31-33). It has also been
shown that women taking oral contraceptives containing 100 pg of mestranol daily
have increased bone mass compared to women of the same age, ethnic group, and
area of residence (34). Lindsay et al measured bone mass by photon absorptiometry
at two sites in 120 oophorectomized young women (Figure 2). Using the double-
blind technique, they gave 63 women mestranol 20-25 pug daily while 57 received
a lactose placebo. There was a linear loss of bone in the placebo-treated women. The
estrogen-treated women not only were protected against bone loss but actually
showed a significant gain in bone, maximal at 3 years and maintained throughout
the 5 years of the study (still in progress). In a nonmanipulative study, Heaney &
Recker (31) measured calcium balance and kinetics in 160 perimenopausal white
women. Bone resorption increased significantly in untreated women at the meno-
pause but not in 25 who had been given estrogen replacement therapy by their
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Figure 2 Mean metacarpal mineral content during five-year follow-up of group observed
from three years after bilateral oophorectomy (zero time). [From Lindsay et al (1976) with
kind permission of the authors and the editor of Lancet. ]

physicians (usually conjugated estrogens USP 0.625 mg daily). Heaney, Recker &
Saville (32) then carried out prospective, controlled studies measuring bone mass
by two techniques (cortical thickness and photon absorptiometry) in three groups
of women going through a natural menopause: the first, untreated; the second,
treated with a combination of conjugated estrogens USP 0.625 mg and methyltes-
tosterone S5 mg daily; and third, a group treated with calcium carbonate 2.6 g daily
(33). The untreated women lost bone throughout the two years of study while
neither treated group showed any bone loss at all. These exacting studies [Aitken
et al, Lindsay et al, and Heaney et al (28-33)] confirm the Meemas’ earlier demon-
stration (8, 9, 25-27) that bone loss (a) rapidly follows loss of ovarian function
(oophorectomy or the menopause); (5) can be prevented by an estrogen-androgen
combination or by a calcium salt; and (c¢) can be prevented and actually reversed
by low-dose estrogens. It should be noted that 2.6 g of calcium carbonate provides
1040 mg of calcium ion in addition to the dietary calcium so that these women
received a total of approximately 1.4 g of calcium daily. Urinary calcium increased,
in contrast to the hormone-treated women whose urinary calcium excretion de-
creased (33). A similar amount of calcium, given as the lactate-gluconate or glycero-
phosphate was reported ineffective in preventing bone loss by D. A. Smith et al (35).
The reason for the divergent results with the different calcium salts in the different
patient population can only be guessed at present.

Mechanism of Action of Sex Hormones

The mode of action of estrogens on bone metabolism is now reasonably well agreed
upon. Albright had suggested in 1940 that estrogens stimulate bone formation, thus
providing maternal calcium reservoirs for the needs of the fetal skeleton. He had
good reason for this belief based on the knowledge then available. In birds and mice,
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estrogens do indeed increase endosteal bone mass (36), so much so that they can
crowd out the marrow and cause anemia. Other tissue-building (anabolic) hormones
such as testosterone also corrected the calcium and phosphate losses of osteoporotic
women. In postmenopausal osteoporosis, bone biopsy specimens do not show the
gross excess in numbers of osteoclasts that characterizes the rapid bone destruction
of osteitis fibrosa. But in concluding from these data that estrogens stimulate bone
formation, Albright was wrong. Increased bone mass does not require increased
bone formation,; it can also result from a decrease in bone breakdown. Conversely,
as Albright himself pointed out in 1940: ““One can have too little bone, either because
bone resorption is too great or because deposition is too little.” In 1963, Gordan &
Eisenberg showed that estrogens, androgens, and anabolic steroids, all of which
induced positive calcium balance and reduced calcium excretion of osteoporotic
women, did not increase the bone accretion rate as shown by a bone-seeking tracer
(37). In all cases, the accretion rate actually fell. If a compound increases calcium
balance without increasing the bone formation rate, it can only be reducing bone
resorption. These compounds, therefore, are not anabolic for bone but are anticata-
bolic. Using an entirely different technique, Riggs et al in 1969 came to an identical
conclusion (38). Iliac crest biopsies showed that 11 of 12 osteoporotic patients had
an increased bone resorption surface by microradiography. Administration of an
estrogen or an androgen reduced the bone resorption surface to normal. In agree-
ment with the earlier work of Gordan & Eisenberg, Riggs et al concluded that, *“‘the
major effect of sex hormones in osteoporosis is an inhibition of bone resorption.”
As noted above, this conclusion is further supported by the subsequent direct
measurements of the bone resorption rate by Heaney & Recker in 1976 and also by
Hansen, Gordan & Prussin in 1973 (39).

The fact that these compounds reduce the bone accretion rate as shown by kinetic
studies, and the bone formation surface as shown by microradiography, must be
interpreted in the context of the total effect on bone mass. If reduced bone formation
were the primary and only effect of estrogens on bone, bone mass would fall. It does
not; estrogen prophylaxis or therapy in oophorectomized or postmenopausal women
is accompanied by an actual increase in bone mass (8, 30). The primary effect of
these agents is to reduce bone breakdown; the fall in bone formation rate is the
predictable homeostatic response to reduced bone destruction since the two pro-
cesses are necessarily linked to each other (40). Women given long-term estrogen
therapy for advanced postmenopausal osteoporosis usually stop fracturing and
resume normal or near normal physical activity, continued so far in the series of
Gordan et al for 29 years (20). Clearly, the estrogen-induced fall in the bone
formation rate has not been deleterious to the patients or to their bone.

The mechanisms by which estrogens inhibit bone destruction have received inade-
quate attention. Albright in 1940 pointed out correctly that thin bones are accom-
panied by parchment-like thin skin in postmenopausal osteoporosis and in many
other conditions, e.g. Cushing’s syndrome, hyperthyroidism, osteogenesis imper-
fecta, and old age. Albright suggested in 1941 that the common denominator is
probably loss of the collagen protein matrix of both tissues. This hypothesis has been
directly confirmed in the rat by Igarashi et al (41) who found that estriol inhibits
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bone collagen loss in experimental osteoporosis, by Katz & Kappas (42, 43) who
found that estrogen reduces urinary hydroxyprolinuria in women, and by Laitinen
who found that collagen in bone plays an active role in the regulation of bone
formation and resorption in the rat (44). All these data suggest that estrogens
normally inhibit some collagenolytic system in skin and bone and that loss of this
inhibition at the menopause permits this collagenase to break down these tissues.
Recently, Cruess & Hong (45) found that estrogen administration in vivo reduces
the collagenolytic activity of rat bone measured in vitro. Estrogen in vitro had no
such effect. A recent report from the same laboratory indicates absence of estrogen
receptors in bone (46), and several studies describe failure of estrogens and andro-
gens to inhibit bone resorption in vitro (47, 48). A possible solution to this dilemma
has been suggested by Klotz and his co-workers (49, 50) who suggest that estrogens
may affect bone indirectly by stimulating calcitonin production since calcitonin is
known to inhibit bone resorption in vitro. They found that 33 postmenopausal
women had low serum calcitonin levels; estrogen administration to 13 raised the
level to the premenopausal norm. Oophorectomy in the rat also lowered serum
calcitonin levels. These data, while highly promising, must be looked upon as
preliminary since the levels reported are all at the lower end of the sensitivity of the
radioimmunoassay. Estrogens and calcitonin alike are established antiosteolytic
agents in vivo. Whether estrogen works through calcitonin remains to be seen.
Estrogens also increase 25-hydroxyvitamin D 1-a hydroxylase (51), at least in birds,
a mechanism that may explain how they increase calcium absorption (52) and
stimulate calcitonin secretion. A rise in serum calcium levels after oral administra-
tion of calcium carbonate may also explain its osteotrophic activity. This mechanism
would require a rise in serum calcium and a decline of serum parathyroid hormone
levels, neither of which occurs in estrogen-treated osteoporotic women.

Calcitonin

This antiosteolytic agent, discovered by Copp in 1961, is the antihypercalcemic
peptide hormone elaborated by the “C” or parafollicular cells of the mammalian
thyroid gland or the ultimobranchial glands of birds, fish, and reptiles. While its
other effects remain in dispute, its ability to inhibit bone resorption is universally
agreed upon. It therefore seemed reasonable to try it in osteoporosis. Numerous
early studies, however, showed no beneficial effects. Two reasons are probable:
(a) the rather large doses used lowered serum calcium levels, induced secondary
hyperparathyroidism, and caused bone breakdown; (6) antibody production is fre-
quent with salmon calcitonin, the preparation most commonly used in the United
States. Recently, Milhaud et al, using small doses of porcine calcitonin (1 MRC unit
intramuscularly three times weekly), showed by kinetic techniques an increase in
intestinal calcium absorption and bone formation and a reduction in bone resorption
and calciuria in 20 osteoporotic women (53). Bone pain was relieved but is hard to
evaluate since Solomon, Dickerson & Eisenberg showed in 1960 that placebos can
also relieve pain in postmenopausal osteoporosis (54). No antibody formation was
found in the women treated with porcine calcitonin. In another study, Wallach et
al ingeniously prevented the hypocalcemia and secondary hyperparathyroidism of
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calcitonin therapy by simultaneously administrating calcium and found a 4% in-
crease in “bone mass” in six months of treatment (55). What was actually measured
was total body calcium by neutron activation analysis so that it cannot be certain
that the retained calcium was in the bones. Bone mass measurements were not
recorded.

Prophylaxis and Treatment

From the foregoing, it now seems justified to conclude that postmenopausal bone
loss and pathologic osteoporosis are preventable. If one assumes, not unreasonably,
that postmenopausal bone loss and pathologic fractures are a continuum (Figure 3),
there are now three proved effective ways to prevent bone loss and to prevent further
fractures in postmenopausal osteoporosis: (@) low dose estrogen replacement upon
loss of ovarian function in ethnically predisposed women; (b) low dose porcine
calcitonin therapy; or (c) calcium carbonate 2.6 g daily by mouth (but not equivalent
doses of calcium lactate-gluconate or glycerophosphate). For predisposed women,
therefore, low dose estrogen replacement (mestranol or ethynyl estradiol 20 g daily
or conjugated estrogens USP 0.625 mg daily) and low dose porcine calcitonin or
calcium carbonate (minimum dose not yet determined) are reasonable for pro-
phylaxis; for treatment of pathologic osteoporosis, the estrogen dose should proba-
bly be doubled, e.g. mestranol or ethynyl estradiol 50 pg or conjugated estrogens
USP 1.25 mg or stilbestrol 1 mg or methallanestril 6 mg daily for 20-25 consecutive
days each month. Porcine calcitonin 1 MRC unit 3 times weekly by intramuscular
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Figure3 Bone mineral mass of the radius in 33 women with osteoporotic vertebral compres-
sion (A) compared with values in the normal female of population (0), according to age. The
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injection appears to suffice and calcium carbonate 2.6 g daily is the minimal dose
shown to be effective at this time. Lower doses of the proved effective agents have
not yet been tested.

Unproved Remedies

A number of other treatments have been proposed for postmenopausal osteoporosis
including fluorides, phosphates, diphosphonates, anabolic-androgenic steroids, vita-
min D and 1,25-dihydroxy-vitamin D. All of these have serious undesirable effects;
some produce abnormal bone or are otherwise unacceptably toxic; none has been
shown effective in preventing fractures or restoring bones with normal architecture.
Two peptide hormones are currently under study, both too early for definitive
evaluation at this time: human growth hormone (hGH) and—surprisingly—syn-
thetic human parathyroid peptide fragment 1-34 (containing the first 34 amino acid
residues of the amino terminal fragment of the native parathyroid hormone mole-
cule). While growth hormone causes bone growth in rats and dogs (56), it produced
no beneficial effect on bone mass in seven women and one man measured by total
body neutron activation analysis, photon absorptiometry, calcium tracer kinetics,
microradiography, or hydroxyprolinuria (57). In fact, bone mineral mass decreased
and hyperglycemia, hypertension, arthralgias, and carpal tunnel syndrome were
encountered. hPTH 1-34 in vitro induced anabolic effects in both osteoblasts and
cartilage cells of cultured embryonic mouse radii in organ culture (58). In a prelimi-
nary report of four women with “primary” osteoporosis and vertebral fractures,
intramuscular injection of 100 ug of hPTH 1-34 increased the bone accretion rate
more than it did resorption as shown by tracer kinetics, calcium balance, and
microradiography (59). Bone mass measurements in the femur, however, showed no
significant change. At the Sixth Parathyroid Conference in Vancouver June 12-17,
1977, several discussants suggested that most of the kinetic data are consistent with
the production of hyperparathyroid bone disease rather than an anabolic effect. The
positive calcium balance is not, however, consistent with this explanation. An
expanded study is in progress.

In this reviewer’s opinion, the demonstration of effective treatments besides estro-
gen is of great importance since estrogen therapy is unsuitable for some women,
e.g. with endometriosis, large fibroids, or shortly after mastectomy for breast cancer.
For such patients, calcium carbonate or calcitonin may be more acceptable.
Whether anabolic steroids may be useful requires further investigation. Their failure
to prevent fractures has already been noted (20). Since then, a carefully conducted
prospective study using the double-blind technique showed significant improvement
in total body calcium content and calcium balance in ten osteoporotic women
treated with methandrostenolone as compared to six receiving placebos over a
26-month period of observation (60).

CORTICOID OSTEOPOROSIS

Unlike the osteoporosis of postmenopausal women, corticoid-induced osteoporosis
is characterized not only by fractures of the vertebrae but also of the ribs (which
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are rarely fractured in postmenopausal osteoporosis), by a pathognomonic X-ray
appearance of eburnation of the vertebral cortex (“pseudocallus” or marginal con-
densation), by a transient rise in bone accretion (37, 39, 61), followed by a prolonged
and severe fall (62), by a profoundly reduced bone formation surface by microradi-
ography (63), and greatly reduced bone mass, shown by total body calcium content
(64). No good method of treatment is presently established; the best approach is
prevention by use of minimal doses for the shortest period of time required. Most
human studies are complicated by having been carried out in patients with rheuma-
toid arthritis, which itself causes severe osteoporosis (65), and a low accretion rate
(66) or in asthma where bone involvement is less frequent (67).

Pathogenesis

The mode of action of corticoids on bone is complicated and not completely under-
stood. Three established actions of glucocorticoids probably acount for the severe
osteoporosis these compounds can produce. Corticoids inhibit bone formation (68),
accelerate bone resorption (69), and stimulate the secretion of parathyroid hormone
in vivo (70) and in vitro (71). They also inhibit intestinal active transport of calcium
(72), inhibit prolyl hydroxylase activity in a number of rat tissues (73), and pro-
foundly disturb collagen synthesis and catabolism (44). Corticoid receptors have
been identified in bone (74).

Some of the apparently contradictory effects of corticoids on bone can be recon-
ciled as follows: in temporal sequence, both man and the rat first show excessive
osteolysis and increased urinary excretion of calcium and hydroxyproline. At this
stage, accretion is high, probably as a transient homeostatic response. Later, accre-
tion is very low, reflecting the antianabolic effect of corticoids, probably exerted
directly on bone collagen. Since increased parathyroid secretion occurs early, it is
tempting to assume that it plays a role in the increased turnover, resorption, and
accretion at this stage. On the other hand, bone damage was as severe in thyropara-
thyroidectomized rats as in intact controls (75). Corticoids somehow lower serum
calcium levels acutely (76, 77), providing a reasonable basis for an early stimulus
to parathyroid secretion. Perhaps the absence of osteitis fibrosa may be rationalized
by the well-known ability of glucocorticoids to inhibit fibroblastic activity and
protein synthesis. Other manifestations consistent with parathyroid hormone ac-
tions are a low serum phosphate level, a low rate of tubular reabsorption of phos-
phate (78), and hypercalciuria. These are not specific for parathyroid hormone and
may be direct effects of corticoids on the renal tubule.

Prophylaxis and Treatment

Since spontaneous Cushing’s disease is rare, most corticoid-induced osteoporosis is
iatrogenic. The best prevention is to minimize the insult by keeping the dose and
duration of corticoid therapy minimal. In some situations, of course, high dose,
long-term treatment cannot be avoided, e.g. in lupus erythematosus, pemphigus,
or after renal transplantation. A hopeful approach is based on the single recent
report that alternate-day corticoid administration to normal children was less dam-
aging than daily treatment as shown by urinary hydroxyproline excretion (79).



Annu. Rev. Pharmacol. Toxicol. 1978.18:253-268. Downloaded from www.annual reviews.org
by Central College on 12/14/11. For personal use only.

DRUG TREATMENT OF THE OSTEOPOROSES 263

Henneman et al in 1955 (80) showed that administration of estrogen to women and
androgens to men asthmatics receiving large doses of corticoids reduced urinary
calcium excretion. Several fragmentary reports suggest that anticatabolic (“ana-
bolic”) steroids may be similarly useful (80-84). Failure of these agents to protect
against osteoporosis in corticoid-treated animals (85) or patients (86) in well-
designed studies indicates the uncertain nature of this proposed treatment. In the
rabbit, calcitonin has been reported effective (87); calcium salts, estrogens, and
androgens were ineffective (88). Considering the extent, frequency, and serious
nature of this condition, it is sad that so little is known of how to prevent or
treat it.

IMMOBILIZATION OSTEOPOROSIS

If one includes the local effects of short-term immobilization, this form of osteoporo-
sis could, at least technically, be the most common of the osteoporoses. The local
type is usually asymptomatic and requires no treatment. Generalized osteoporosis
which follows paralysis or whole body casting, by contrast, can be a serious symp-
tomatic disease. Deitrick (89) showed in 1948 that partial immobilization of normal
young men caused bone breakdown as shown by negative calcium and phosphate
balances. When the United States space program started, a number of repetitions
of Deitrick’s experiment were carried out and conclusively confirmed bone loss by
direct and indirect methods. These data were worrisome; if weightlessness can be
equated with immobilization, bone loss, hypercalciuria, kidney stones, and perhaps
hypercalcemia might occur in space flight. The report of Whedon et al (90) in 1974
on the increased urinary calcium excretion and negative calcium balance of as-
tronauts in actual flight confirmed these fears. Direct measurement of bone density
(os calcis) in the Gemini 4 and 5 and Apollo 8 missions showed what was thought
to be serious bone loss. Vogel & Whittle (91) have recently recalculated these data
and concluded that the loss was overestimated because of technical problems. The
revised loss should be 2.9% and 3% for Gemini 4 and 9.2% for Gemini 5. These
amounts are probably not dangerous in relatively short flights but could become
serious if maintained in longer flights. Fortunately, data from three subsequent
Apollo missions showed no significant bone loss in 13 of 15 crewmen and only slight
losses in 2 others. Curiously, the bed rest immobilization studies showed no loss of
bone in the radius or ulna in contrast to the os calcis.

Pathogenesis

It has long been known that serum alkaline phosphatase levels fall in immobilization
and it had therefore been assumed that loss of the stress-and-strain stimulus on the
osteoblasts results in decreased bone formation. Kinetic studies by Heaney (92) in
1962, however, showed that accretion actually increases. The microradiographic
studies of Minaire (93) in 1974 have helped to clarify this apparent contradiction.
In a study of 96 immobilized patients, 22 of whom had suffered spinal cord injury,
the first period of 25 weeks was marked by increased osteoclastic and osteocytic
activity. In this time, trabecular bone decreased 33%. Later, osteoblastic bone forma-
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tion declined. Early increased resorption and later decreased bone formation, of
course, resulted in a highly rarified bone. The early increased accretion is doubtless
a secondary homeostatic response to increased resorption. Unfortunately, increased
formation does not persist to compensate for bone loss.

Treatments

The pioneering studies of Deitrick in 1948 showed that mechanical stimulation by
an oscillating bed reduced calcium losses by approximately 50%. Obviously mini-
mizing loss of mechanical stress is important both in prophylaxis and treatment.
When possible, standing is more effective than tilting the bed (94, 95). Prophylactic
isometric exercises probably account, at least in part, for the reduced loss of bone
in the Gemini 7 astronauts.

An “anabolic” (really anticatabolic) steroid, norethandrolone, was found effective
in reducing the hypercalciuria of immobilization in paralytic poliomyelitis by Plum
& Dunning (96) in 1958. This approach has been little studied since then, perhaps
because of disappointing results reported in bedfast children by Keele & Vose (97)
in 1971 and in immobilized rabbits treated with nandrolone phenproprionate by
Levin (98) in 1972. Fluoride and glucagon have likewise been disappointing in
immobilized cats and rats (99-101). Singh & Jowsey (102) found no effect of calcito-
nin on the bone of immobilized rabbits.

CONCLUSION

The most hopeful information is the very recent demonstration in properly designed
and executed studies that postmenopausal bone loss in ethnically predisposed
women can be prevented and fracture incidence reduced by low dose estrogens,
calcitonin, or large doses of calcium carbonate. Less is known of how to prevent or
minimize the other osteoporoses other than to use long-term, high dose corticoids
sparingly and only when necessary and to avoid immobilization insofar as possible.
Recent fragmentary data suggest that alternate-day administration of corticoids
may be less deleterious than daily use. There is also some evidence that the anabolic-
androgenic steroids, which are really anticatabolic for bone, may be beneficial both
in corticoid osteoporosis and for disuse atrophy of bone. The most obvious lesson
of recent experience is the need for more and better studies of the prevention and
treatment of the osteoporoses induced by corticoids or by immobilization using
recently developed and validated methods of measuring bone mineral mass. Bone
mass measurements accurately reflect mechanical strength of bone (103, 104) and
bone loss correlates well with increased risk of fracture. In the opinion of this
reviewer, the time has come to attack the serious public health problem posed by
preventable fractures, especially in postmenopausal women.
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