2498 seen in women with natural or surgical menopause and in late

Dose of Estrogen For oral estrogens, the standard recommended
doses have been 0.3 mg/d for esterified estrogens, 0.625 mg/d for
conjugated equine estrogens, and 5 μg/d for ethinyl estradiol. For
transdermal estrogen, the commonly used dose supplies 50 μg
estradiol per day, but a lower dose may be appropriate for some
individuals. Dose-response data for conjugated equine estrogens
indicate that lower doses (0.3 and 0.45 mg/d) are effective. Doses
even lower have been associated with bone mass protection.
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FRACTURE DATA Epidemiologic databases indicate that women who
take estrogen replacement have a 50% reduction, on average,
of osteoporotic fractures, including hip fractures. The beneficial
effect of estrogen is greatest among those who start replacement early and continue the treatment; the benefit declines after
discontinuation to the extent that there is no residual protective
effect against fracture by 10 years after discontinuation. The first
clinical trial evaluating fractures as secondary outcomes, the Heart
and Estrogen-Progestin Replacement Study (HERS) trial, showed
no effect of hormone therapy on hip or other clinical fractures in
women with established coronary artery disease. These data made
the results of the Women’s Health Initiative (WHI) exceedingly
important (Chap. 413). The estrogen-progestin arm of the WHI in
>16,000 postmenopausal healthy women indicated that hormone
therapy reduces the risk of hip and clinical spine fracture by 34%
and reduces the risk of all clinical fractures by 24%. There was similar antifracture efficacy seen with estrogen alone in women who
had had a hysterectomy.
A few smaller clinical trials have evaluated spine fracture occurrence as an outcome with estrogen therapy. They have consistently
shown that estrogen treatment reduces the incidence of vertebral
compression fracture.
The WHI has provided a vast amount of data on the multisystemic
effects of hormone therapy. Although earlier observational studies
suggested that estrogen replacement might reduce heart disease,
the WHI showed that combined estrogen-progestin treatment
increased risk of fatal and nonfatal myocardial infarction by ~29%,
confirming data from the HERS study. Other important relative
risks included a 40% increase in stroke, a 100% increase in venous
thromboembolic disease, and a 26% increase in risk of breast cancer.
Subsequent analyses have confirmed the increased risk of stroke
and, in a substudy, showed a twofold increase in dementia. Benefits
other than the fracture reductions noted above included a 37%
reduction in the risk of colon cancer. These relative risks have to be
interpreted in light of absolute risk (Fig. 425-8). For example, out of
10,000 women treated with estrogen-progestin for 1 year, there will
be 8 excess heart attacks, 8 excess breast cancers, 18 excess venous
thromboembolic events, 5 fewer hip fractures, 44 fewer clinical
fractures, and 6 fewer colorectal cancers. These numbers must be
multiplied by years of hormone treatment. There was no effect of
hormone treatment on the risk of uterine cancer or total mortality.
It is important to note that these WHI findings apply specifically
to hormone treatment in the form of conjugated equine estrogen
plus medroxyprogesterone acetate. The relative benefits and risks
of unopposed estrogen in women who had hysterectomies vary
somewhat. They still show benefits against fracture occurrence
and increased risk of venous thrombosis and stroke, similar in
magnitude to the risks for combined hormone therapy. In contrast,
though, the estrogen-only arm of WHI indicated no increased risk
of heart attack or breast cancer. The data suggest that at least some
of the detrimental effects of combined therapy are related to the
progestin component. In addition, there is the possibility, suggested
by primate data, that the risk accrues mainly to women who have
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postmenopausal women with or without established osteoporosis.
Estrogens are efficacious when administered orally or transdermally.
For both oral and transdermal routes of administration, combined
estrogen/progestin preparations are now available in many countries, obviating the problem of taking two tablets or using a patch
and oral progestin.
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Figure 425-8 Effects of hormone therapy on event rates: green,
placebo; purple, estrogen and progestin. CHD, coronary heart disease;
VTE, venous thromboembolic events. (Adapted from Women’s Health
Initiative. WHI HRT Update. Available at http://www.nhlbi.nih.gov/health/
women/upd2002.htm.)
some years of estrogen deficiency before initiating treatment. (The
average woman in the WHI was more than 10 years from the last
menstrual period). Nonetheless, there is reluctance among women
to use estrogen/hormone therapy, and the U.S. Preventive Services
Task Force has specifically suggested that estrogen/hormone therapy not be used for disease prevention.
MODE OF ACTION Two subtypes of ERs, α and β, have been identified
in bone and other tissues. Cells of monocyte lineage express both
ERα and ERβ, as do osteoblasts. Estrogen-mediated effects vary with
the receptor type. Using ER knockout mouse models, elimination of
ERα produces a modest reduction in bone mass, whereas mutation
of ERβ has less of an effect on bone. A male patient with a homozygous mutation of ERα had markedly decreased bone density as well
as abnormalities in epiphyseal closure, confirming the important
role of ERα in bone biology. The mechanism of estrogen action in
bone is an area of active investigation (Fig. 425-5). Although data are
conflicting, estrogens may inhibit osteoclasts directly. However, the
majority of estrogen (and androgen) effects on bone resorption are
mediated through paracrine factors produced by osteoblasts and
osteocytes. These actions include decreasing RANKL production and
increasing OPG production by osteoblasts.
Progestins In women with a uterus, daily progestin or cyclical
progestins at least 12 days per month are prescribed in combination with estrogens to reduce the risk of uterine cancer.
Medroxyprogesterone acetate and norethindrone acetate blunt
the high-density lipoprotein response to estrogen, but micronized
progesterone does not. Neither medroxyprogesterone acetate nor
micronized progesterone appears to have an independent effect on
bone; at lower doses of estrogen, norethindrone acetate may have
an additive benefit. On breast tissue, progestins may increase the
risk of breast cancer.
SERMs
Two SERMs are used currently in postmenopausal women: raloxifene, which is approved for the prevention and treatment of osteoporosis as well as the prevention of breast cancer, and tamoxifen,
which is approved for the prevention and treatment of breast cancer. A third SERM, bazedoxifene, has been complexed with conjugated estrogen, creating a tissue selective estrogen complex (TSEC).
This agent has been approved for prevention of osteoporosis.
Tamoxifen reduces bone turnover and bone loss in postmenopausal women compared with placebo groups. These findings
support the concept that tamoxifen acts as an estrogenic agent in
bone. There are limited data on the effect of tamoxifen on fracture
risk, but the Breast Cancer Prevention Study indicated a possible
reduction in clinical vertebral, hip, and Colles’ fractures. The major
benefit of tamoxifen is on breast cancer occurrence. The breast
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