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al. (1), they highlighted the greater prevalence of

oophorectomy among patients presenting with os-
teoporotic fracture, and established for the first time
the importance of ovarian failure in the pathogenesis
of bone loss. Since that time, considerable evidence has
been accumulated documenting the rate of loss of ovar-
ian function in the pathogenesis of osteoporotic fracture
(2). This has led to the use of estrogen for prevention
of bone loss and subsequent fracture (3) with dramatic
success. However, about one decade ago, it became
apparent that the uncontrolled use of estrogen in
women who had an intact uterus led to an increased
incidence of endometrial hyperplasia and malignancy.
Concern that a therapeutic regimen that not only might
afford protection against osteoporotic fracture, but also
might reduce the frequency of ischemic heart disease,
might increase the risk of other disorders, has led to a
reevaluation of the use of estrogen among the postmen-
opausal population, and to the development of routes
of administration other than the oral, as well as new
prescribing habits. This review evalutes the role of
estrogen in prevention of osteoporosis as well as sum-
marizes these new attitudes toward the provision of
estrogen for the postmenopausal population.

In original description of osteoporosis by Albright ef

Pathogenesis of Osteoporosis: The Role of Ovarian
Failure

The introduction of noninvasive techniques that
allow accurate and precise measurement of bone mass
enabled study of the asymptomatic process of bone loss
that precedes the increase in fracture incidence in the
aging population. Early studies, in which peripheral
cortical bone was measured, demonstrated that bone
mass is fairly constant in women until the fourth and
fifth decades when there is a fairly sudden downward
trend in bone mass that has been observed in virtually
all cross-sectional studies of cortical bone (2). Longitu-
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dinal studies confirm that loss of ovarian function
coincides with an acceleration of bone loss that seems
to last from 3 to 10 years (4). However, when methods
for measurement of the axial skeleton were obtained,
the situation became somewhat confused, since not all
of the data seemed to confirm stability of bone mass
among premenopausal women, nor an acceleration at
the time of menopause (5). Our own cross-sectional
data, obtained using dual photon absorptiometry, sug-
gest that both vertebral bone mass and femoral neck
are stable until around 40 years of age and fall thereafter
at an average rate of about 2% per annum (Fig. 1).
Similar data have been obtained using quantitative
computed tomography (6). Johnston et al. (7) studying
perimenopausal women suggested that the axial trabec-
ular bone might be more sensitive to the gradual decline
in ovarian function that occurs in premenopausal
women prior to the overt occurrence of ovarian failure,
i.e., menopause. Few prospective data have yet to be
published across the menopause. However, one group
has demonstrated that few women, if any, appear to
have significant cortical or trabecular bone loss at the
distal radius prior to the onset of ovarian failure (8).
The relationship of these data to the cross-sectional
studies is not at all clear.

Perhaps the clearest example of the importance of
failure in regulating the changes that occur with age is
the experiment of Richelson et al. (9). This group
demonstrated clearly that bone mass in women after
the onset of ovarian failure was more closely related to
the duration of estrogen deficiency than to chronologic
age.

Biochemical studies confirm that the loss of ovar-
ian hormones is associated with profound changes in
calcium metabolism. Urinary calcium and hydroxypro-
line increase, as does plasma alkaline phosphatase and
bone GLA-protein (osteocalcin). These changes are
taken to be indicative of increased skeletal remodeling.
Indeed, using the calcium balance technique, coupled
with kinetic data, Heaney et al. (10) have demonstrated
that skeletal remodeling does increase in estrogen-defi-
cient women and there is a widening of the gap between
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Figure 1. Bone mass in lumbar vertebrae (L2-4) in normal healthy
Caucasian women aged 29-90 years (n = 420). Measurement by
dual photon absorptiometry (Lunar DP3).

formation and resorption. There is consequently in-
creased release of calcium from bone to blood accom-
panied by a decline in intestinal calcium absorption,
while urinary loss of calcium increases. These changes
culminate in negative calcium balance and bone loss.
The initial event precipitating these changes is still
debated, but seems likely to be a primary change in
skeletal remodeling and the change in calcium homeo-
stasis a secondary response. However, the predicted
changes in the regulatory hormone systems, particularly
parathyroid hormone and the vitamin D system, have
been difficult to measure. It is possible that this reflects
difficulties with the sensitivity of the assay systems
within the normal range.

Effects of Estrogen

Numerous data now indicate that estrogen inter-
vention prevents bone loss in postmenopausal or
oophorectomized women (see reference (2) for review).
Our long-term data (11) indicate that estrogens prevent
bone loss, irrespective of the time after oophorectomy
(Fig. 2). The effects persist for as long as estrogens are
prescribed, at least 10 years, and bone loss begins again
when estrogens are discontinued. The rate of bone loss
after estrogen withdrawal is identical to that after sud-
den cessation of ovarian function, as at oophorectomy,
and this perhaps, finally, confirms the close relationship
between sex steroids and the skeleton.

Many studies have appeared confirming the potent
effects of estrogen on the skeleton in postmenopausal
women. Dose ranging studies have shown that early to
mid-follicular levels of estradiol are required to produce
the biochemical changes that are considered to be mark-
ers of the reduction in bone remodeling that character-
izes estrogen administration. Circulating levels of
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Figure 2. The effects of mestranol on bone mass in three groups of
women in whom treatment was begun immediately, 3 years or 6
years after bilateral oophorectomy. The hatched area represents the
pattern of bone loss in the placebo-treated group (mean = SD), while
only the means of the three estrogen-treated groups are shown (from
reference (11)).

around 40 pg/ml of 178-estradiol appear to be sufficient
to cause a fall in urinary calcium and hydroxyproline
(12) and perhaps to prevent trabecular but not cortical
bone loss (8). These data are compatible with the studies
published in which the effective dose of conjugated
equine estrogens (Premarin) was determined over a 2-
year period using bone mass measurements. Both stud-
ies indicated that 0.625 mg of conjugated equine estro-
gen was sufficient to produce the maximum reduction
in bone loss with a sufficiently steep dose response were
such that no effect is evident at 0.15 mg/day (13). Since
the primary effect of estrogen is inhibition of resorption,
no added effects are seen if the dose is pushed beyond
0.625 mg/day.

The mechanism of the effect of estrogens on the
skeleton remains obscure. Until recently, the inability
to demonstrate estrogen receptors in skeletal cells made
an indirect mechanism of action the most plausible.
The suggestion that circulating calcitonin levels were
lower in women than in men and that calcitonin secre-
tion could be stimulated by estrogen created a mecha-
nism for estrogen action of the skeleton, since calcitonin
is a direct inhibitor of osteoclast action. However, direct
stimulation of calcitonin secretion in vitro by estrogen
occurs at supraphysiologic doses. During the past year,
two groups have demonstrated the presence of estrogen
receptors on osteoblasts or osteoblast-like cell lines (14,
15). In addition, responses of osteoblast cell lines in-
cluding reduction in growth rate and increased produc-
tion of alkaline phosphatase and collagen have been



demonstrated after addition of physiologic concentra-
tions of estrogen. Thus, we now have a potential mech-
anism for interaction of the sex steroids directly with
skeletal cells. However, the principal effect, when estro-
gens are given to postmenopausal women, is reduction
in bone resorption. Estrogen must, therefore, inhibit
the activity of osteoclasts or their recruitment. Effects
on the osteoclast are difficult to demonstrate in vitro.
Although bone resorption can be inhibited by estrogen,
the response is seen only at supraphysiologic doses,
even in systems which have functioning osteoblasts.
The reason for this is still obscure. At the very least,
therefore, for a direct skeletal effect of estrogen there
requires to be a second messenger generated by the
osteoblast that acts on the osteoclast. Although several
local candidates exist as stimulators of bone resorption
(interleukin 1 for example is one of the most potent
stimulators of resorption), no local inhibitors are known
nor are any of the stimulators produced by osteoblasts
but rather by cells of the monocyte-macrophage series.
Curiously, interleukin 1 production in peripheral
monocytes has been reported to be elevated in patients
with postmenopausal osteoporosis, as well as after
oophorectomy, with suppression of production after
the addition of estrogen (16). This raises the tantalizing
possibility that the interleukins and perhaps also other
cytokines are involved closely in the physiologic re-
modeling process. However, much further work is re-
quired to unravel the local control processes, as well as
the medications in the estrogen effects.

Estrogen Effects on Fracture

No prospective study has been able to determine
the effects of estrogen on fractures among the elderly.
However, several retrospective and case control studies
have shown a reduction in the risk of hip fracture (See
reference (2) for review). There is a remarkable consist-
ency in these studies, all suggesting that hip fracture
frequency will be halved, reducing hip fracture fre-
quency in the aging female to the level that occurs
among men. Recognizing the difficulty in retrospec-
tively defining the exact estrogen exposure in aged
patients, it is remarkable that all studies have been able
to demonstrate a reduction in fractures. The data also
suggest that the earlier in the postmenopausal period
estrogens are used, the more beneficial the effect will
be on fracture risk. This we would predict, knowing
that estrogens functionally behave as antiresorptive
agents and will therefore simply reduce the rate of bone

loss. Clearly, therefore, the more beneficial effects
would be expected in patients with higher baseline bone
mass; 1.e., those closer to the menopause.
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