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Preface

The Agency for Healthcare Research and Quality (AHRQ) sponsors the development of
Systematic Evidence Reviews (SERs) through its Evidence-based Practice Program. With
guidance from the third U.S. Preventive Services Task Force” (USPSTF) and input from Federal
partners and primary care specialty societies, two Evidence-based Practice Centers—one at the
Oregon Health Sciences University and the other at Research Triangle Institute-University of
North Carolina—systematically review the evidence of the effectiveness of a wide range of
clinical preventive services, including screening, counseling, immunizations, and
chemoprevention, in the primary care setting. The SERs—comprehensive reviews of the
scientific evidence on the effectiveness of particular clinical preventive services—serve as the
foundation for the recommendations of the third USPSTF, which provide age- and risk-factor-
specific recommendations for the delivery of these services in the primary care setting. Details of
the process of identifying and evaluating relevant scientific evidence are described in the
“Methods” section of each SER.

The SERs document the evidence regarding the benefits, limitations, and cost-effectiveness of a
broad range of clinical preventive services and will help to further awareness, delivery, and coverage of
preventive care as an integral part of quality primary health care.

AHRQ also disseminates the SERs on the AHRQ Web site (http://www.ahrg.gov/uspstfix.htm) and
disseminates summaries of the evidence (summaries of the SERs) and recommendations of the third
USPSTF in print and on the Web. These are available through the AHRQ Web site
(http://www.ahrgqg.gov/uspstfix.htm), through the National Guideline Clearinghouse
(http://www.ncg.gov), and in print through the AHRQ Publications Clearinghouse (1-800-358-9295).

We welcome written comments on this SER. Comments may be sent to: Director, Center for
Practice and Technology Assessment, Agency for Healthcare Research and Quality, 6010 Executive
Blvd., Suite 300, Rockville, MD 20852.

Carolyn M. Clancy, M.D.
Acting Director Robert Graham, M.D.
Agency for Healthcare Research and Quality Director, Center for Practice and
Technology Assessment
Agency for Healthcare Research and Quality

" The USPSTF is an independent panel of experts in primary care and prevention first convened by the U.S. Public
Health Service in 1984. The USPSTF systematically reviews the evidence on the effectiveness of providing clinical
preventive services--including screening, counseling, immunization, and chemoprevention--in the primary care
setting. AHRQ convened the third USPSTF in November 1998 to update existing Task Force recommendations and
to address new topics.
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The authors of this report are responsible for its content. Statements in the report should not
be construed as endorsement by the Agency for Healthcare Research and Quality or the U.S.
Department of Health and Human Services of a particular drug, device, test, treatment, or
other clinical service.
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Structured Abstract

Context: Hormone replacement therapy (HRT) is widely used to prevent osteoporosis
and fractures.

Objective: To systematically review and evaluate studies of the use of estrogen and
selective estrogen receptor modulators (SERMs) to prevent bone loss and fractures in
healthy postmenopausal women.

Data Sources: Studies with English language abstracts identified in MEDLINE,
HealthSTAR, and Cochrane Library databases from 1994 to May 2001. Reference lists
of key articles and meta-analyses were also reviewed.

Study Selection: Only randomized controlled trials and cohort studies were included.
Data Extraction: Studies meeting inclusion criteria were formally abstracted and
quality was rated using criteria developed by the U.S. Preventive Services Task Force
(USPSTF).

Data Synthesis: For bone density outcomes, randomized controlled trials consistently
indicated improved bone density with estrogen use. These findings were similar between
prevention and treatment trials, opposed and unopposed regimens, oral and transdermal
forms of estrogen, and types of progestins. For fracture outcomes, 5 randomized
controlled trials of estrogen were identified and none met criteria to be ranked as a good-
quality study. A primary prevention trial indicated a significant decrease in risk of
nonvertebral fractures in 1 of 2 estrogen arms. None of the other trials indicated a
significant risk reduction with estrogen, but all had important methodologic limitations.
A recent meta-analysis of 22 trials of estrogen, many with unpublished data, reported an

overall 27% reduction in nonvertebral fractures (relative risk [RR], 0.73; confidence



interval [CI], 0.56-0.94). Six good-quality cohort studies were identified, and 3 of 4
studies reported 20% to 35% reductions in adjusted relative risks for hip fractures among
ever users.

In randomized controlled trials, raloxifene increased bone density at lumbar spine,
hip, and wrist sites, and tamoxifen modestly increased bone density at the hip and spine,
although results were inconsistent between studies. The largest trial of raloxifene reported
a protective effect for vertebral fractures (RR, 0.59; 95% CI, 0.05-0.70), but not for
nonvertebral fractures. A large trial of tamoxifen indicated no statistically significant
fracture benefit.

Conclusions. The results of these studies support a benefit for estrogen in improving
bone density and protecting against fractures, although the evidence for fractures is based
on one arm of one randomized controlled trial and good-quality cohort studies. Trials

indicate that raloxifene increases bone density and protects against vertebral fractures.
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Chapter 1. Introduction

In this paper, we systematically review the medical literature and evaluate data on the use
of hormone replacement therapy (HRT) to prevent osteoporosis in healthy postmenopausal
women. Specifically, we focus on the effects of estrogen, with and without progestins, on
fracture and bone density outcomes. We also review studies of selective estrogen receptor
modulators (SERMs) because of their emerging role in preventing osteoporosis. This report is
part of a larger project on the risks and benefits of HRT prepared for the U.S. Preventive
Services Task Force (USPSTF) to assist them in making recommendations. A separate

systematic evidence review on screening for osteoporosis contains more detailed information

about other aspects of osteoporosis prevention. |

The term osteoporosis describes both a process of decreasing bone density as well as the
clinical outcome of fracture. Bone density can be measured by a number of techniques and at a
number of anatomical sites, although the measures most often used in studies are dual energy x-
ray absorptiometry (DXA) of the hip, spine, heel, or wrist. A World Health Organization
(WHO) working group proposed that osteoporosis should be diagnosed when bone mineral
density (BMD) is 2.5 standard deviations below the mean for healthy young adult women at the
spine, hip, or wrist, or when a history of an atraumatic fracture is present.2 The working group
also proposed that low bone mass, or osteopenia, be diagnosed when bone density is between 1.0
to 2.5 standard deviations below the young healthy mean. The number of standard deviation
units above or below the young healthy mean is called the T-score. This measure is often used in

eligibility criteria for treatment trials and is used clinically to diagnose osteoporosis.



Burden of Suffering/Epidemiology

Osteoporosis affects a large proportion of American women over the age of 50.
Estimates of rates of prevalence depend on the instrument used to measure bone density and on
the characteristics, including ethnicity, of the population studied. The third National Health and

Nutrition Examination Survey (NHANES III) reports prevalence rates for osteoporosis by race,

adjusted for age and for census undercount estimates from 1990 and 1993.3-4 From these data,
an estimated 12 million (41%) white women over age 50 met WHO criterion described above for
osteopenia and 5 million (15%) met WHO criterion for osteoporosis. The prevalence of
osteoporosis in Hispanic women is similar to white women, while rates in black women are
approximately half that of the other groups (8%).

The prevalence of osteoporosis increases with age for all sites measured. By the WHO

definition, up to 70% of women over age 80 have osteoporosis based on low measurements at
the spine, hip or wrist.> Age is an important factor in the relationship between bone density and
the absolute risk of fracture. An increase in age of 13 years increases the risk of hip fracture by
the same amount as a one standard deviation decrease in bone density.® Older women have a
much higher fracture rate than younger women with the same bone density because of increasing
risk from other factors such as bone quality and tendency to fall.”

Women with osteoporosis are more likely to have fractures, and demographic trends for
hip fracture parallel those for osteoporosis. Hip fracture incidence in white women rises from 50
per 100,000 women at age 50 to 237 per 100,000 women at age 65. White women are
generally 2 to 3 times more likely than non-white women to suffer a hip fracture.8 Wrist fracture

incidence tends to increase at earlier ages than hip fractures, with 268 per 100,000 women at age



45 to 54.9  Sixteen percent of postmenopausal women have osteoporosis of the lumbar spine,d

and, among white women, 5% of 50-year-olds and 25% of 80-year-olds have had at least one

vertebral fracture.10

Healthcare Interventions

Estrogen has important effects on bone and estrogen deficiency is considered to be a
major factor leading to bone loss in postmenopausal women. Estrogen inhibits bone loss by
reducing bone resorption. Bone density decreases steadily after menopause, and
supplementation with exogenous estrogen during the peri- and postmenopausal periods has been
a common primary preventive approach.

A new class of agents, the SERMs, was developed in an effort to find a treatment for

breast cancer and osteoporosis.1 1 The advantage of SERM:s is that they bind to estrogen
receptors competing with endogenous estrogens and may either activate or block estrogen action

allowing tissue-selective effects. Raloxifene, for example, has estrogen-agonistic effects on bone

and lipids, and estrogen-antagonistic effects on the breast and uterus!! and may be preferred by
women at increased risk for breast cancer. Raloxifene has been approved for treatment of
osteoporosis. Tamoxifen, a different kind of SERM primarily used for breast cancer prevention
and treatment, is included in this review for completeness. It has not been approved for

treatment of osteoporosis.



Prior Recommendations

The previous USPSTF thought that the evidence on the effects of HRT for improving or
preserving bone density was good based on results of retrospective studies and a few clinical
trials. Data on fracture reduction was based on epidemiologic and nonrandomized clinical trials,
and the risk of hip fracture reduction was estimated as 25% among women who had used

estrogens.

Analytic Frameworks and Key Questions

The analytic frameworks in Figures 1 and 2 show the target populations, interventions,
and health outcome measures we examined for the overall question of the benefits and risks of
postmenopausal HRT. Other benefits and risks of HRT are addressed in separate reports and
will not be considered here. Arrows 1 and 2 in Figure 1 correspond to issues of HRT and
osteoporosis specifically covered in this report. Key questions relating to the numbered arrows
in the analytic framework guided our literature review. These include:

Arrow 1: Does hormone replacement therapy improve or stabilize bone density?
Does postmenopausal use of SERMs improve or stabilize bone density?

Arrow 2: Does hormone replacement therapy prevent osteoporotic fractures?
Does postmenopausal use of SERMs prevent osteoporotic fractures?

We were concerned with HRT as a primary preventive measure, and therefore focused on
the use of either estrogen alone or estrogen combined with progestins in healthy, postmenopausal
women without known secondary causes of osteoporosis. However, because osteoporosis is
defined by both low bone density and fracture occurrence, we included studies of women with

known low bone density. Results for HRT and SERMs are presented separately.



Chapter 2. Methods

Literature Search Strategy

We searched MEDLINE, HealthSTAR, and Cochrane Library databases for papers
published between 1994 and May 2001 using the search strategies shown in Appendix 1.
Separate searches were conducted to identify randomized controlled trials for estrogen and
SERMs. Additional articles were obtained from reference lists of relevant papers including all
studies of estrogen pre-dating the electronic search. Studies of raloxifene and tamoxifen, for
purposes other than cancer treatment, were present only in the recent literature. A single reader
reviewed all English abstracts. We also report the results of 2 recently conducted meta-analyses
of HRT and bone density,!2 and HRT and fractures.!3 Only published studies were included in
evidence tables; abstracts and other unpublished works were cited in the text if particularly

pertinent.

Inclusion/Exclusion Criteria

In order to identify the most important studies for inclusion in this review, we used a

“best evidence” approach.14 We first examined randomized, double-blind, placebo-controlled
trials of estrogen, with and without progestins, and SERMs and fracture outcomes. Because very
few such trials have been published, we next examined randomized controlled trials with bone
density outcomes. However, these studies were limited because they report intermediate
outcomes (bone density), provide only short-term exposure to treatment (1 to 4 years), and enroll

subjects often using narrowly defined entry criteria that limit generalizability.



Cohort studies provide additional information about long-term estrogen use and fractures
not yet available from randomized controlled trials. Therefore, we also included good-quality
cohort studies of estrogen use and fractures acknowledging that these studies are subject to

healthy user bias. Other studies have found that estrogen users are healthier, have healthier

lifestyles and better mortality, and are more highly educated than nonusers.!13-21 Nonetheless, a

random sample of U.S. women aged 50 to 74 years old recently found that 38 % currently use

estrogen, 1 and we felt that cohort studies may provide information useful to this high proportion
of users in the population. Case-control and cross-sectional studies were excluded. Table 1
outlines the type and number of studies we reviewed for each key question.

Studies were included in this review if they enrolled postmenopausal women without
secondary causes of osteoporosis; described the number of subjects and setting; and described
characteristics of treatment and placebo groups including age, type of HRT, and duration of use.
Study design factors that we recorded included exclusion/inclusion criteria, method of allocation,
and compliance and follow-up rates. We abstracted comparable information from the cohort
studies comparing HRT users and nonusers with the addition of how exposure status was
determined. In both randomized controlled trials and cohort studies, we recorded the bone
measurement tests that were used, how bone density or fracture outcomes were measured, and
fracture rates or bone density outcomes of users and nonusers. All fractures had to be
radiographically verified. The most adjusted values were recorded, and pertinent sub-group

analyses were noted. Any trends in duration, currency of use, or dosage were also noted.



Literature Synthesis

We applied quality criteria developed by the methods workgroup for the USPSTF

(Appendix 2).22 Most studies included in this report achieved a rating of good. The most

common reason for a study not receiving a good rating was follow-up rates falling below 80%.



Chapter 3. Results

Arrow 1: Does hormone replacement therapy improve or stabilize

bone density?

Many randomized controlled trials have been published indicating that estrogen, alone or
in combination with progestin, improves bone density or prevents bone density loss compared to
placebo. An unpublished Cochrane systematic review reported combined results of 57

randomized controlled trials at the NIH Consensus Development Conference on Osteoporosis in

2000.23 Eligible studies included randomized controlled trials enrolling postmenopausal women
for more than one year in duration that compared HRT with placebo or calcium/vitamin D use.

Studies were identified from MEDLINE (1966 to December 1998) and the Cochrane Library

Controlled Clinical Trials Register. Additional methodology is described elsewhere.l2 The
Cochrane systematic review and meta-analysis met USPSTF criteria for high quality
(comprehensive sources, standard appraisal, valid conclusions, recent and relevant).

The trials reported in the Cochrane systematic review are summarized in Table 2 with
results expressed as weighted mean differences, calculated by using percent change from
baseline and standard deviations. Combining 18 two-year prevention studies of opposed and
unopposed HRT regimens, the increase in bone density at the lumbar spine was 6.98% (95% CI,
5.53-8.43). The 8 studies measuring femoral neck bone density indicated an increase of 4.07%
(95% CI, 3.30-4.84), and the 14 studies measuring forearm bone density indicated an increase of
4.53% (95% CI, 3.68-5.36).

Results were similar when comparing prevention to treatment trials, opposed to

unopposed HRT regimens, transdermal estrogen to oral estradiol and oral conjugated estrogen,



and types of progestins. Results differed, however, with different doses and duration of estrogen
use. Use of usual doses (eg 0.625 mg of conjugated estrogen) resulted in larger increases at
lumbar, femoral neck, and forearm sites than use of lower doses (0.3 mg). Two-year trials
resulted in larger increases than one-year trials. The effect of using calcium and vitamin D in
these trials rather than true placebo was not separately analyzed. Also, the proportion of

nonresponders in these trials was not reported.

A randomized controlled trial24 published in 1999 and not included in the Cochrane
review found that a continuous low-dose HRT regimen given over 3.5 years resulted in increased
bone density of the spine (mean percent change, 3.23; 95% CI, 1.64-4.82), nonsignificant
increased bone density of the femoral neck (mean percent change, 1.79; 95% CI, 0.56-2.98), and
no increase or decrease at the radius (£<0.01 compared with placebo who lost bone density).
These results, using conjugated equine estrogen (0.3 mg/day) and oral medroxyprogesterone (2.5

mg/day) combined with calcium and vitamin D, are similar to the results of the Postmenopausal

Estrogen/Progestin Interventions (PEPI) trial2> that used a higher dose of estrogen (0.625
mg/day), various progestin regimens, and no calcium and vitamin D supplementation. The
patients in these studies differed however. Women in PEPI were younger (aged 45 to 64 years)
than those enrolled in this trial (age over 65, mean age 73), and had a wide range of T-scores,
while women in this trial had T-scores of —1.226 or lower. Among subjects in the PEPI trial,
older women and women with low initial bone density gained the most bone density with HRT
use.

Another randomized controlled trial20 published in 1999 compared women aged 45 to 59

years, most not osteoporotic, who took alendronate, HRT, or placebo for 4-years. Two different

doses of alendronate (5 mg/day and 2.5 mg/day) and 2 different forms of HRT (a cyclic regimen



of 2 mg of estradiol with 1 mg/day of norethisterone and a continuous regimen of 0.625 mg of
conjugated equine estrogen with 5.0 mg of medroxyprogesterone) were used. Bone density
decreased at all skeletal sites in the placebo group and increased or stayed the same at all sites
except the forearm for the alendronate groups with the larger dose, demonstrating more benefit.
Both HRT regimens resulted in statistically significantly greater increases in bone density at the
spine, similar increases at the hip, and was significantly more effective in maintaining bone mass
at the forearm than treatment with 5 mg of alendronate per day. A 5 mg dose of alendronate

represents the dose used for prevention, 10 mg is used for treatment.

Summary

o Many randomized controlled trials have been conducted of HRT and bone density
outcomes, and results consistently indicate improved bone density. These findings are
similar between prevention and treatment trials, opposed and unopposed regimens, oral
and transdermal forms of estrogen, and types of progestins.

o A meta-analysis of HRT randomized controlled trials indicated a better effect on bone
density with usual compared to low dose regimens. However, a recent trial indicated
similar results for a low dose regimen as previously reported for usual dose regimens,
although patient populations differed between studies.

. A recent trial comparing bone density outcomes of HRT with alendronate found more

benefit with HRT.

Arrow 2: Does hormone replacement therapy prevent
osteoporotic fractures?

10



Randomized controlled trials
A recent meta-analysis of 22 trials of estrogen reported an overall 27% reduction in

nonvertebral fractures (RR, 0.73; 95% CI, 0.56-0.94).13 Although the meta-analysis met
USPSTEF criteria for a good-quality rating, several trials included in the meta-analysis did not
meet inclusion criteria for our review because they used unpublished data, did not verify
fractures radiographically, included traumatic fractures, or included women who were
hospitalized or had secondary causes of osteoporosis. Five randomized controlled trials of
estrogen with vertebral or nonvertebral fracture outcomes met our inclusion criteria (Table 3).27-
31

Two trials*”*® evaluated the effect of HRT on preventing vertebral fractures in women

with pre-existing osteoporosis. A trial of 78 postmenopausal women age 47 to 75 years with one

or more pre-existing vertebral fractures recorded incident vertebral fractures.2’ The treatment
group was provided with a cyclic regimen of transdermal estrogen and progesterone for one year
and was compared to an untreated placebo group. The estrogen group experienced 8 new
vertebral fractures in 7 women, while the placebo group had 20 fractures in 12 women. Despite
a lower vertebral fracture rate in the estrogen group (RR, 0.39; CI, 0.16-0.95), the number of
women experiencing new vertebral fractures was not significantly different between groups. A

smaller trial of 4 years duration comparing 18 women using a cyclic oral estrogen regimen to 18
women in a comparison group found no significant difference in vertebral fractures.28

29-31

Three trials™ " reported nonvertebral fracture outcomes. A primary prevention trial

enrolled a subgroup of a large prospective osteoporosis study based in Finland.29 In this study,

464 early postmenopausal women without osteoporosis were randomly assigned to one of four

11



groups: cyclic oral estradiol with progestin, vitamin D alone, estradiol with progestin and
vitamin D, or placebo. New, symptomatic, radiographically confirmed nonvertebral fractures
were recorded during a mean 4.3 years of follow-up. The risk for fracture was significantly
lower for the estrogen/progestin alone group (RR, 0.29; 95% CI, 0.10-0.90), but not for the

estrogen/progestin and vitamin D group, or the vitamin D alone group, compared to placebo

when adjusted for baseline bone density and prior fractures. Another primary prevention trial30
randomized 1,006 early postmenopausal women in Denmark to oral estradiol/norethisterone or
placebo. After 5 years, the relative risk for all types of fractures was 0.82 (95% CI, 0.53-1.29),
and for forearm fractures 0.40 (95% CI, 0.16-1.01).30

The Heart and Estrogen/progestin Replacement Study (HERS) is a secondary prevention
trial of the effects of estrogen on cardiovascular outcomes.32 This study enrolled 2,763
postmenopausal women with pre-existing coronary disease under 80 years old (mean 66.7 years).
A subgroup of women underwent bone densitometry, and 15% of them had osteoporosis.
Fractures at various sites were secondary outcomes. The treatment group was given a
continuous combined regimen of conjugated estrogen with medroxyprogesterone per day and
compared with an equal-sized placebo group. After 4 years, this study found no difference
between groups for all fractures combined, or hip, wrist, spine, or other types of fractures
specifically.31

These trials did not meet USPSTF criteria to be ranked as good-quality studies because
they did not assemble or maintain comparable groups,30-31 were not blinded,29:30 were small,
27-29 or used inappropriate analyses.27-28 The largest trial, HERS, did not monitor for

asymptomatic incident vertebral fractures, potentially missing as many as 2 out of 3 of vertebral

fractures that would be diagnosed solely by radiographic morphometric criteria.33 Although

12



asymptomatic fractures may not be as important to patients as symptomatic fractures, patients
with nontraumatic vertebral fractures meet diagnostic criteria for osteoporosis and are usually

identified as such in trials.

Cohort studies

Several good-quality cohort studies that enrolled thousands of postmenopausal women
and reported fracture outcomes have been published. These studies included more women, often
recruited from community-based populations, and followed them for longer periods of time than
the randomized controlled trials. In general, these studies determined estrogen use at baseline by
interviewing subjects or reviewing prescription data. Use was usually defined as current, past, or
ever use, and nonuse. However, type of HRT regimen including doses, concurrent use of
progestins, and duration was not reported in all studies. Subjects were then followed over
several years while investigators collected data on incident fractures. Fracture occurrence was
determined by asking subjects directly or by reviewing hospital admission databases. In all
studies included in this review, fractures were confirmed radiographically. Additional data was
also collected, such as age, weight, history of previous fractures, and other known risk factors, in
order to adjust for confounders and to examine subgroups. Most cohort studies adjusted for
measurable confounders and reported adjusted results, although an important disadvantage of

cohort studies is the inability to control for healthy user bias. Other studies have found that
estrogen users are healthier and have healthier lifestyles!9 which may influence health outcomes.

34-39

Table 4 outlines 6 good-quality cohort studies and the reported relative risks for hip

fracture for each study based on ever or current use of estrogens. These studies include data

from the Framingham Heart Study34; pharmacy, questionnaire, and inpatient registry

13



information from the Uppsala health care region in Sweden33-36; pharmacy and chart records
from Kaiser37; the Study of Osteoporotic Fractures (SOF)38; and the Copenhagen Center for

Prospective Population Studies.39 All studies, except the Kaiser study, include several thousand
postmenopausal women. Follow-up times ranged from 4.5 years in SOF to up to 32 years in the
Framingham study.

Three of the 4 studies of ever users of HRT reported significantly reduced adjusted
relative risks for hip fractures ranging from 0.63 to 0.79.34-36 These studies also noted that
those taking more potent forms of estrogen had even better risk reduction,35 the best results were
found among those using estrogen for 7 or more years,30 and taking estrogen within 4 years of

menopause was protective.34 No studies reported effects of progestins specifically. The only

study not reporting a reduced relative risk for hip fracture was much smaller in size than the

others, and reported significantly reduced relative risks for wrist and vertebral fractures.37 Hip
fractures are less frequent outcomes than wrist or vertebral fractures in this relatively younger
cohort.

The 3 studies of effects for current estrogen users, a subgroup of ever users, reported

nonsignificant reduced relative risks for hip fracture.34.38:39  Although data from the
Copenhagen Center for Prospective Population Studies included over 6,000 women and followed
them for 7 years, current users had a mean age of only 55 years at baseline and accrued only 37
fractures. Incident hip fracture rates for all user groups would be expected to rise as this cohort
ages.

The Study of Osteoporotic Fractures is primarily designed to prospectively measure
fracture outcomes in a cohort of 9,704 community-dwelling postmenopausal women residing in

4 areas of the U.S. Although the effect of HRT on hip fracture outcomes was not statistically

14



significant after 4.5 years of follow-up, SOF reported significant risk reduction for wrist (RR,

0.39; 95% (I, 0.24-0.64) and all nonvertebral fractures (RR, 0.66; 95% CI, 0.54-0.80) after

adjustment for several other variables.38 Subgroup analyses within SOF also indicated that
estrogen was most effective in preventing hip fractures for those over 75 years old, and for
current users who started estrogen within 5 years of menopause. Previous use of estrogen,
however, had no effect on fracture outcomes, implying a transient protective effect. Additional
data from SOF expands the follow-up time to 10 years. These results indicate that current users

have significantly reduced probabilities of hip, wrist, and nonvertebral fractures at 10 years

compared to never users in age and weight adjusted models.#0

Summary

o Only 5 randomized controlled trials report the effects of HRT on fracture outcomes, and
they are methodologically limited.

. Good-quality cohort studies indicate 20% to 35% reduction in relative risks for hip
fracture and reduced risks for other types of fractures. Subgroup analyses indicate that
certain users may have additional benefits such as older women, long-term users, and
those who initiate use at or near menopause.

o Cohort studies of estrogen users, even when well-designed and controlled for measurable
confounders, are subject to healthy user bias making it difficult to determine if beneficial

effects are due to HRT or bias.

Arrow 1: Does postmenopausal use of SERMs improve or

stabilize bone density?
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41-45

Five randomized controlled trials™ ™ reporting the effect of raloxifene on bone density

have been published (Table 5). Three studies were rated good41-43 and 2 were rated fair. 44> 43
The largest study, the Multiple Outcomes of Raloxifene Evaluation (MORE) study,

included 7,705 postmenopausal women aged 31 to 80 years (mean age 67 years) and followed

them for 3 years.43 These women met WHO criteria for osteoporosis based on low bone density
or presence of vertebral fractures. Two doses of raloxifene (60 or 120 mg/day) were compared
with placebo, and all subjects received calcium and vitamin D. Both raloxifene treatment groups
experienced significant increases in bone density, with the largest gains reported as 2.4% at the
femoral neck and 2.7% at the lumbar spine for the 120 mg dose. It is important to note that 60
mg of raloxifene is the FDA approved dose.

A smaller randomized controlled trial of one year duration also evaluated the effects of

raloxifene.#! The trial included 143 postmenopausal women, mean age 68 years, with at least
one prevalent vertebral fracture and low bone density. Two doses of raloxifene (60 and 120
mg/day) were compared to placebo, and all groups took calcium and vitamin D. Results
included significant increases at the total hip (1.7% for 60 mg dose) and radius (2.9% for 60 mg,
2.5% for 120 mg), and nonsignificant increases in the lumbar spine.

Another trial of 601 postmenopausal women recruited from the community in Europe and

the United Kingdom with a range of initial bone densities also compared various doses of

raloxifene (30, 60, or 150 mg/day) with placebo.#5  After 2 years, there were significant
increases in bone density with the 60 mg/day dose at the lumbar spine (1.6%), hip (1.6%), and
femoral neck (1.2%). All of the raloxifene doses resulted in significant increases, although the

higher doses generally had more effect. Two other small studies also reported gains at the

lumbar spine and hip.42- 44 One of these trials compared raloxifene with conjugated equine
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estrogen and noted higher gains at the lumbar spine for the estrogen group.44 Some of these

raloxifene trials, however, had dropout rates exceeding 20%.43-45

46,47

Only 2 small randomized controlled trials™"" of postmenopausal women without breast

cancer reported effects of tamoxifen on bone density (Table 5). One reported a 1.4% increase at
the lumbar spine#0 and the other 1.8% at the hip.47 These studies were limited by either high

dropout rates*” or lack of intention-to-treat analysis#0 and were rated poor.

Summary

. The 2 larger randomized controlled trials of raloxifene indicated significant increases in
bone density at the lumbar spine, hip, and wrist. These ranged from 2.1% in the femoral
neck to 2.7% in the spine measured from baseline after 3 years of treatment in the MORE
study. The smaller randomized controlled trials reported increases in most of the sites
tested.

° Randomized controlled trials of tamoxifen reported modest, inconsistent increases in
bone density at the spine and hip, however these trials have important methodologic

limitations.

Arrow 2: Does postmenopausal use of SERMs prevent

osteoporotic fractures?

Two good-quality randomized controlled trials of raloxifene with fracture outcomes have

been published (Table 6). The MORE study,*3 described above, evaluated incident vertebral

fractures using radiographic criteria at the 24- and 36- month visits and at other times if new
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symptoms of vertebral fractures developed. Nonvertebral fractures were determined by
interviewing subjects at 6-month visits. After 3 years of treatment, women in the raloxifene
group had a significantly reduced risk for vertebral fractures compared with women in the
placebo group (RR, 0.59; 95% ClI, 0.50-0.70). The risk for nonvertebral fractures was not

significantly reduced.

A smaller randomized controlled trial, 4] also described above, evaluated the effects of
raloxifene after one year of use and found no significant reductions in risk for vertebral or
nonvertebral fractures in the treatment groups compared to the control group. When the
outcomes were re-analyzed using more stringent radiographic criteria for vertebral fractures
(30% or more reduction in vertebral height rather than 15%), there were significantly fewer

vertebral fractures among raloxifene users than placebo (£=0.047; RR not given). These results

were not calculated using the fracture criteria of the MORE study#3 (20% or more reduction of
vertebral height), precluding direct comparison of the 2 studies.

Women enrolled in the National Surgical Adjuvant Breast and Bowel Project Breast

Cancer Prevention Trial (P-1)#8 of tamoxifen were also monitored for fractures, although this
was a secondary outcome. In this study, 13,388 women were randomized to tamoxifen or
placebo and followed for 5 years. Incident fractures of the hip, wrist, and spine were confirmed
by x-rays. Relative risks for total fractures, hip, wrist, and spine were not significantly reduced.
This study, however, has important methodologic limitations and was rated fair. Since this trial
was designed to determine tamoxifen's role in breast cancer prevention, the inclusion criteria
were based on breast cancer risk not osteoporosis risk. As such, it is not known if the treatment
and placebo groups have comparably distributed osteoporosis risk factors. These were not

controlled for in the analysis and could have biased the results. Also, vertebral fractures were
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diagnosed only if reported by participants who may have missed asymptomatic fractures.

Undercounting of fractures would compromise estimation of relative risks.
Summary

. The largest trial of raloxifene, the MORE study, reported a protective effect for vertebral
fractures, but not for nonvertebral fractures.

o The subgroup of women in this study with low bone density and pre-existing fractures
demonstrated additional benefit with the 120 mg/day dose compared to the 60 mg/day
dose.

. A smaller trial with short duration of follow-up indicated no fracture benefit when using
less stringent vertebral fracture criteria, but some benefit when using more stringent
criteria (15% compared to 30% or more loss of vertebral height).

o A large trial of tamoxifen, designed for breast cancer prevention indicated no statistically

significant effect.
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Chapter 4. Discussion

Conclusions

Table 7 summarizes the type and quality of evidence for each of the 4 key questions.
For bone density outcomes, randomized controlled trials consistently indicated improved bone
density with estrogen use. These findings were similar between prevention and treatment trials,
opposed and unopposed regimens, oral and transdermal forms of estrogen, and types of
progestins. Most studies support a dose-response effect, and higher doses of estrogen and longer
duration of use tend to be associated with greater benefit on bone density. This is not true with all
studies, however, and significant bone density effects have been demonstrated with lower doses
of estrogen. Estrogen appears to have a stronger effect on bone density than raloxifene, and the
effect of tamoxifen is much weaker than either.

For fracture outcomes, 5 randomized controlled trials®">!

of estrogen were identified and
none met criteria to be ranked as a good-quality study. A primary prevention trial indicated a
significant decrease in risk of nonvertebral fractures in 1 of 2 estrogen arms.” None of the other
trials indicated a significant risk reduction with estrogen, but all had important methodologic
limitations. A recent meta-analysis of 22 trials of estrogen, many with unpublished data, reported
an overall 27% reduction in nonvertebral fractures (RR, 0.73; 95% CI, 0.56-0.94).13 Six good-

34-39

quality cohort studies were identified, and 3 of 4 studies reported 20% to 35% reductions in

adjusted relative risks for hip fractures among ever users.**
In randomized controlled trials, raloxifene increased bone density at lumbar spine, hip,

and wrist sites, and tamoxifen modestly increased bone density at the hip and spine, although

results were inconsistent between studies. The largest trial of raloxifene reported a protective
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effect for vertebral fractures (RR, 0.59; 95% CI, 0.05-0.70), but not for nonvertebral fractures.*

A large trial of tamoxifen indicated no statistically significant fracture benefit.**

Limitations of the Literature

Although randomized controlled trials are available for all of the key questions, they are
limited in important ways. Except for trials of estrogen and bone density, there are very few trials
available upon which to make treatment decisions, and the results are sometimes conflicting.
This is particularly true for studies of estrogen and fracture outcomes. Fracture benefits would be
expected from randomized controlled trials based on results reported in the cohort studies
supporting a 20% to 35% reduction in fractures, and on randomized controlled trials consistently
demonstrating improved bone density at lumbar spine, hip, and wrist sites. Although an
intermediate outcome, bone density is an important risk factor for fracture. Too few trials with
fracture outcomes have been performed, however, and they have not been sufficiently large or
long enough to measure a treatment effect. The largest trial®>’ was designed as a secondary
prevention trial for cardiac disease, did not monitor for asymptomatic incident vertebral fractures,
and did not provide information on osteoporotic confounders to assure comparability of treatment
groups.

The MORE study of raloxifene, however, provides good evidence of benefit for
vertebral fractures.*® It is possible that similar effects for estrogen could be detected if subjected
to a study as large and comprehensive as the MORE trial. The tamoxifen trial did not measure
vertebral fracture outcomes as precisely as the MORE trial, was designed as a breast cancer

prevention study, and could have missed a potential effect.*®
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Future Research

Additional trials are needed to more accurately weigh the benefits and harms of HRT.
Results of the Women’s Health Initiative will add this type of information. As SERMs and other
estrogen-like agents are developed, direct comparisons with estrogen in addition to placebo
during trials will be important. Careful monitoring and reporting of adverse events would
contribute additional knowledge of the consequences of HRT use.

Many gaps exist in current understanding of estrogen’s effect on bone. It is not clear how
age effects the impact of estrogen, and it would be valuable to know if it is as effective in an 80-
year-old woman as in a 50-year-old woman. Similarly, understanding the optimal duration of
effect would allow targeting of estrogen use to specific times of a woman’s life. Despite the
overall effect on increasing bone density described in treatment trials, some women do not
experience this benefit. These women could be spared prolonged estrogen exposure if
adequately identified. There is also little understanding of potential harms of long-term HRT on

bone.
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Figure 1. Benefits of Hormone Replacement Therapy
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Figure 2. Adverse Effects of Hormone Repl