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THE USE OF LOWER DOSES OF ES-
trogens for hormone replace-
ment therapy (HRT; estrogen
in combination with a proges-

tin) in postmenopausal women has
been proposed to enhance the initia-
tion and long-term continuation of
HRT.1,2 Long-term continuation is es-
pecially important for preventing the
loss of bone mineral density (BMD),1

a factor cited by a large percentage of
patients as influencing their decision
making regarding HRT.3

A small number of low-dose estro-
gen formulations have been approved
in the United States for preventing
menopausal symptoms or osteoporo-
sis: oral conjugated equine estrogens
(CEEs) or esterified estrogens at 0.3
mg/d; oral micronized estradiol at 0.5
mg/d; and transdermal 17�-estradiol at
0.025 mg/d. Genant et al4 demon-
strated that esterified estrogens at 0.3
mg/d for 24 months, combined with a
calcium supplement, increased BMD
compared with baseline and placebo.
However, the Continuous Hormones as
Replacement Therapy (CHART) Study5

found that doses of ethinyl estradiol
(�5 µg/d) and continuous norethin-
drone acetate (1 mg/d) combined with
calcium supplementation did not sig-
nificantly increase BMD from baseline
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Context Lower-than-commonly-prescribed doses of conjugated equine estrogens
(CEEs) with medroxyprogesterone acetate (MPA) improve vasomotor symptoms and
vaginal atrophy, provide acceptable bleeding and lipid profiles, and afford endome-
trial protection. This lower-dose therapy’s protection against loss of bone mineral den-
sity (BMD) associated with menopause has not been thoroughly investigated.

Objective To determine the effects of lower doses of CEEs only or CEEs-MPA on
spine and hip BMD, total body bone mineral content (BMC), and biochemical mark-
ers of bone turnover in postmenopausal women.

Design and Setting Two-year randomized, double-blind, placebo-controlled sub-
study of the Women’s Health, Osteoporosis, Progestin, Estrogen trial, conducted at
19 US centers between August 1995 and October 2000.

Participants Eight hundred twenty-two healthy postmenopausal women aged 40
to 65 years who were within 4 years of their last menstrual period.

Interventions Patients were randomly assigned to receive CEEs, 0.625; CEEs, 0.625
and MPA, 2.5; CEEs, 0.45; CEEs, 0.45 and MPA, 2.5; CEEs, 0.45 and MPA, 1.5; CEEs,
0.3; CEEs 0.3 and MPA, 1.5 (all doses in mg/d); or placebo for 2 years. All participants
also received elemental calcium at 600 mg/d.

Main Outcome Measures Changes from baseline in spine and total hip BMD, total
body BMC, and biochemical markers of bone turnover (serum osteocalcin and urinary
cross-linked N-telopeptides of type I collagen), assessed at 6-month intervals and com-
pared among treatment groups with a modified intention-to-treat approach.

Results At 24 months, women assigned to all of the active treatment groups had sig-
nificant gains from baseline (P�.001) in spine and hip BMD and total body BMC (except
total body BMC in the group receiving CEEs, 0.3 mg/d). These changes were signifi-
cantly different from those in the placebo group, in which losses of bone mass in spine
and total body were evident over the course of the study (P�.001). The loss in hip BMD
from baseline in the placebo group was significant at 18 (P=.02) but not at 24 months
(P=.06). Osteocalcin and N-telopeptides of type I collagen were significantly reduced
from baseline (P�.001) for all active treatment groups at all time points; no changes were
found for the placebo group. For women treated with CEEs alone, the gains in spine BMD
for the group taking CEEs, 0.625 mg/d, were significantly higher than those of the group
taking CEEs, 0.3 mg/d (P=.02), but not the group treated with CEEs, 0.45 mg/d (P=.48).

Conclusions Doses of CEEs or CEEs-MPA lower than 0.625 mg/d effectively in-
crease BMD and BMC in early postmenopausal women.
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after 2 years. A small randomized trial6

in older (�65 years of age) postmeno-
pausal women with low BMD found
BMD increases with CEEs (0.3 mg/d)
and continuous medroxyprogester-
one acetate (MPA) (2.5 mg/d) through-
out a 3.5-year period when combined
with 25-hydroxyvitamin D and ad-
equate calcium intake. Using this same
HRT formulation combined only with
calcium supplements, Gambacciani et
al7 recently reported greater BMD gains
in women who received the combina-
tion than in women who received cal-
cium alone.

In a number of clinical trials using
commonly prescribed doses, estrogen
replacement therapy (ERT) or HRT has
been shown to reduce the incidence of
vertebral and nonvertebral fractures,
in large part by reversing the loss of
BMD.8-10 Commonly prescribed doses
of CEEs (0.625 mg/d) have been shown
to maintain or increase BMD in post-
menopausal women11-16; however, the
dose-response relationship for the
maintenance of BMD with CEEs is not
well understood. Only 2 small studies
published in the early 1980s system-
atically evaluated the effects of CEEs on
bone across different doses. Both of
these studies suggested that CEE doses
less than 0.625 mg/d were not com-
pletely effective in reducing bone
loss.11,12 However, these studies were
conducted in women, many of whom
had undergone surgical menopause,
and one study used technologies to as-
sess changes in bone that are not com-
monly used today. In addition, nei-
ther study evaluated the effects of CEEs
on hip BMD, the most important site
for osteoporosis-related fractures.17

In the United States, postmeno-
pausal women who have an intact
uterus and are given CEEs also re-
ceive the progestin MPA for endome-
trial protection. The bone-preserving
effect of 0.625 mg of CEEs combined
continuously with 2.5 mg of MPA has
been established14,16; however, in these
studies MPA did not induce an added
benefit compared with CEEs alone. The
addition of MPA (10 mg/d) to 0.3 mg
of CEEs resulted in preservation of bone

density in the spine that was similar to
that seen with 0.625 mg of CEEs
alone,13 suggesting that MPA may pro-
duce an added benefit when com-
bined with lower CEE doses. A dose-
response relationship for the impact of
CEEs-MPA on BMD has not been in-
vestigated.

The purpose of this substudy was to
evaluate the efficacy of lower doses of
CEEs alone and CEEs-MPA on bone
mass and biochemical markers of bone
turnover in the large, multicenter, pla-
cebo-controlled randomized Wom-
en’s Health, Osteoporosis, Progestin, Es-
trogen (Women’s HOPE) trial. In
addition, the use of multiple doses of
CEEs alone and CEEs-MPA allowed us
to revisit the dose-response relation-
ship between CEEs and BMD changes
by using current technologies, as well
as to evaluate the dose-response rela-
tionship between CEEs-MPA and BMD.

METHODS
Participants

Healthy postmenopausal women aged
40 to 65 years were recruited for the
2-year substudy of the Women’s HOPE
trial that was conducted between Au-
gust 1995 and October 2000. Women
were eligible if they had an intact uterus,
no menses within the last year, follicle-
stimulating hormone levels of at least
30 mIU/mL, 17�-estradiol levels of no
more than 50 pg/mL (184 pmol/L),
were within 4 years of their last men-
ses, and were within 20% of their nor-
mal weight range. Exclusion criteria in-
cluded any disorders that affect bone
metabolism, clinically important de-
generative changes in the lumbar spine
that may interfere with dual-energy
x-ray absorptiometry (DXA) (eg, spi-
nal fusion), significant scoliosis accord-
ing to DXA, at least 2 abnormal lum-
bar vertebrae from L1 to L4, and lumbar
spine baseline BMD measurement more
than 3 SDs below the mean for healthy
young women. In addition, women
were excluded if they smoked more
than 15 cigarettes daily, had taken cal-
citonin within the past 6 months, and
had ever used bisphosphonates or fluo-
ride for more than 1 year or used fluo-

ride within the past year. The use of
medication containing estrogens, pro-
gestins, or androgens within 12 weeks
of the prestudy screening, a known
hypersensitivity to estrogens or pro-
gestins, the documentation of endome-
trial hyperplasia, or an abnormal Pa-
panicolaou test result also resulted in
exclusion from the study.

Complete details of the 2-year Wom-
en’s HOPE trial, including substudy
sites18 and the first-year lipid data from
this substudy,19 have been reported. The
institutional review board at each of the
19 substudy sites approved all proce-
dures, and each subject provided writ-
ten informed consent before enroll-
ment.

Study Design
Following screening, 822 women were
randomized to 1 of 8 treatment groups:
CEEs at 0.625 mg/d; CEEs at 0.625
mg/d and MPA at 2.5 mg/d; CEEs at
0.45 mg/d; CEEs at 0.45 mg/d and MPA
at 2.5 mg/d; CEEs at 0.45 mg/d and
MPA at 1.5 mg/d; CEEs at 0.3 mg/d;
CEEs at 0.3 mg/d and MPA at 1.5 mg/d;
and placebo (FIGURE 1). A computer-
generated randomization table was used
for assignment to the treatment groups.
The randomization table used for treat-
ment group assignment was produced
with an SAS-based computerized ran-
domization program (PROC PLAN,
version 6; SAS Institute, Cary, NC). The
randomization was done in blocks of
16. Each block contained 2 random-
ization numbers for each of the 8 treat-
ment groups. Randomization num-
bers were issued to the investigational
sites in blocks of 16. Because the CEEs
and the CEEs-MPA tablets were differ-
ent sizes, 2 placebos were necessary
to mask the treatments; therefore, a
double-dummy (ie, dual-placebo)
double-blind design was used. Sub-
jects were instructed to take 1 tablet of
CEEs or matching placebo and 1 tab-
let of CEEs-MPA or matching pla-
cebo. Participants also received 1 cal-
cium carbonate supplement daily (600
mg of elemental calcium per tablet [Cal-
trate; Whitehall-Robins, Madison, NJ]).
All tablets were taken orally once daily
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Figure 1. Flow of Participants Through the Trial

1347 Patients Assessed
for Eligibility

525 Did Not Meet
Inclusion Criteria

822 Randomized

103 Allocated to Conjugated Equine
Estrogens (CEEs), 0.625 mg/d

102 Received Intervention

1 Never Recorded Intervention

5 Enrolled in Excluded Study Site

45 Completed Study 84 Included in Modified
Intention-to-Treat Analysis

66 Included in Efficacy-
Evaluable Analysis

13 No Dual-Energy X-ray Absorptiometry
(DXA) Scan During Study

39 Discontinued Intervention
22 Adverse Reaction
7 Failed to Return
3 Other Medical Event
1 Other Nonmedical Event
3 Patient Request
2 Protocol Violation
1 Unsatisfactory Efficacy

104 Allocated to CEEs, 0.45 mg/d

101 Received Intervention

3 Never Recorded Intervention

6 Enrolled in Excluded Study Site

63 Completed Study 91 Included in Modified
Intention-to-Treat Analysis

77 Included in Efficacy-
Evaluable Analysis

4 No DXA Scan During Study
28 Discontinued Intervention

11 Adverse Reaction
1 Failed to Return
2 Other Medical Event
6 Other Nonmedical Event
2 Patient Request
1 Protocol Violation
5 Unsatisfactory Efficacy

103 Allocated to Placebo

101 Received Intervention

2 Never Recorded Intervention

7 Enrolled in Excluded Study Site

62 Completed Study 85 Included in Modified
Intention-to-Treat Analysis

78 Included in Efficacy-
Evaluable Analysis

9 No DXA Scan During Study
23 Discontinued Intervention

3 Adverse Reaction
4 Failed to Return
3 Other Medical Event
1 Other Nonmedical Event
2 Patient Request
2 Protocol Violation
8 Unsatisfactory Efficacy

96 Allocated to CEEs, 0.3 mg/d

94 Received Intervention

2 Never Recorded Intervention

5 Enrolled in Excluded Study Site

65 Completed Study 87 Included in Modified
Intention-to-Treat Analysis

77 Included in Efficacy-
Evaluable Analysis

2 No DXA Scan During Study
22 Discontinued Intervention

6 Adverse Reaction
5 Failed to Return
2 Other Medical Event
3 Other Nonmedical Event
5 Patient Request
1 Unsatisfactory Efficacy

108 Allocated to CEEs, 0.45/MPA,
2.5 mg/d

104 Received Intervention

4 Never Recorded Intervention

8 Enrolled in Excluded Study Site

71 Completed Study 87 Included in Modified
Intention-to-Treat Analysis

79 Included in Efficacy-
Evaluable Analysis

9 No DXA Scan During Study
16 Discontinued Intervention

5 Adverse Reaction
3 Failed to Return
1 Other Medical Event
1 Other Nonmedical Event
2 Patient Request
3 Protocol Violation
1 Unsatisfactory Efficacy

107 Allocated to CEEs, 0.3/MPA,
1.5 mg/d

105 Received Intervention

2 Never Recorded Intervention

7 Enrolled in Excluded Study Site

77 Completed Study 91 Included in Modified
Intention-to-Treat Analysis

82 Included in Efficacy-
Evaluable Analysis

7 No DXA Scan During Study
14 Discontinued Intervention

2 Adverse Reaction
5 Failed to Return
2 Other Medical Event
2 Patient Request
3 Protocol Violation

103 Allocated to CEEs, 0.45/MPA, 
1.5 mg/d

98 Received Intervention

5 Never Recorded Intervention

4 Enrolled in Excluded Study Site

71 Completed Study 89 Included in Modified
Intention-to-Treat Analysis

75 Included in Efficacy-
Evaluable Analysis

5 No DXA Scan During Study
18 Discontinued Intervention

8 Adverse Reaction
2 Failed to Return
2 Other Medical Event
2 Other Nonmedical Event
4 Patient Request

98 Allocated to CEEs, 0.625/
Medroxyprogesterone Acetate
(MPA), 2.5 mg/d

92 Received Intervention

6 Never Recorded Intervention

6 Enrolled in Excluded Study Site

65 Completed Study 81 Included in Modified
Intention-to-Treat Analysis

76 Included in Efficacy-
Evaluable Analysis

5 No DXA Scan During Study
16 Discontinued Intervention

6 Adverse Reaction
2 Failed to Return
4 Other Nonmedical Event
4 Patient Request

The disposition of the patients enrolled in the 2-year Women’s Health, Osteoporosis, Progestin, Estrogen trial substudy are shown for all groups in both modified
intention-to-treat and efficacy-evaluable populations.
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at approximately the same time each
day. Treatment compliance was as-
sessed by monitoring daily diary cards.

Measurements
Bone Mineral Density and Bone Min-
eral Content. Bone mineral density of
the anteroposterior lumbar spine (L2
to L4) and total hip as well as total body
bone mineral content (BMC) were as-
sessed by DXA with DPX-L scanners
(Lunar Corp, Madison, Wis). Baseline
measurements were obtained on 2 oc-
casions no more than 3 weeks apart. If
the 2 prestudy scan values differed by
more than 5%, a third pretreatment scan
was performed before randomization.
The findings of the 3 scans were com-
pared; the 2 scans closest to the mean
of the 3 and within 5% of each other
were recorded.

Following randomization, BMD and
BMC were assessed every 6 months for
2 years, with replicate measurements
made at the final visit. Scans were cen-
trally analyzed and reviewed at the Bone
Quality Control Center (Helen Hayes
Hospital, West Haverstraw, NY). Qual-
ity-control procedures included cross-
calibration with the European Spine
Phantom (QRM, Moehrendorf, Ger-
many) and longitudinal tracking of
scanner performance with the Lunar
Spine Phantom (Lunar Corp, Madi-
son, Wis). If annualized bone loss was
more than 7.5% from baseline for spine
BMD, the patient was given the option
to withdraw. Two women in the pla-
cebo group withdrew for this reason.

Biochemical Markers of Bone Turn-
over. After an overnight fast, blood for
the determination of serum osteocal-
cin, a marker of bone formation, and
urine (second void) for the determina-
tion of cross-linked N-telopeptides of
type I collagen, a marker of bone re-
sorption, were collected at individual
clinical sites during the prestudy screen-
ing and at each 6-month visit. Analyses
were performed by the Core Labora-
tory for Clinical Studies of Washington
University (St Louis, Mo).

The concentration of intact osteo-
calcin and N-telopeptides of type I col-
lagen was determined with commer-

cially available, enzyme-linked
immunosorbent assay (ELISA) kits. All
samples from a given patient were as-
sayed on the same ELISA plate. The in-
tra-assay coefficient of variation was less
than 6% for osteocalcin and less than
9.5% for N-telopeptides of type I col-
lagen. Urinary creatinine concentra-
tion was measured using a commer-
cially available kit on a Hitachi 917
analyzer (Roche Diagnostics, India-
napolis, Ind). The intra-assay coeffi-
cient of variation was less than 3%.

Statistical Analyses
All women who were randomized to
treatment, recorded taking at least 1 dose
of the study drug, and received at least
1 BMD measurement postbaseline were
included in the modified intention-
to-treat (MITT) analyses. The last-
observation-carried-forward proce-
dure was used for women who did not
complete the study. Thus, if a subject
discontinued participation, the data from
her last measured response were car-
ried forward to all subsequent sched-
uled observations and included in the
analysis. This procedure prevented the
bias that would have resulted from sub-
jective decisions about missing data. We
also analyzed the BMD and BMC data
in an efficacy-evaluable population to de-
termine the true effect of CEEs or CEEs-
MPA on women who complied with the
study protocol. For this study, the effi-
cacy-evaluable population included
women who had at least 1 prestudy BMD
measurement and at least 2 measure-
ments during the study with no more
than 1 of these being at the termination
visit(s), had reported taking 80% of their
study medication, and were not using
unacceptable concomitant medica-
tions. For women in the efficacy-
evaluable population who met the cri-
teria but discontinued the study before
its conclusion, the last-observation-
carried-forward procedure was also used.

Baseline characteristics were com-
pared between groups by using a 1-way
analysis of variance procedure; a �2

analysis was used for categorical vari-
ables (SAS, version 6.12; SAS Institute,
Cary, NC). The changes in percentage

from baseline for spine and hip BMD and
total body BMC were analyzed by analy-
sis of covariance, with time since meno-
pause, body weight, and baseline bone
mass included as covariates. Median
changes in percentage from baseline
were analyzed for urinary N-telopep-
tides of type I collagen and serum os-
teocalcin by using nonparametric meth-
ods (signed rank test). Both treatment
and investigational site were included as
factors in the analyses. The least signifi-
cant difference procedure was used for
pairwise comparisons. Product mo-
ment correlation coefficients were
calculated to assess the relationship be-
tween changes in BMD and BMC mea-
sures and the relationship between
changes in biochemical markers and
changes in BMD or BMC. Statistical sig-
nificance was set a priori at P�.05. Data
are presented as mean (SEM) unless oth-
erwise noted.

RESULTS
Subjects

The disposition of the subjects enrolled
in the 2-year substudy is shown in Fig-
ure 1. Of the 822 women randomized to
treatment, 48 were excluded because of
a study site violation and 25 never re-
ceived treatment. In addition, 54 women
either did not record taking 1 dose of the
study drug or did not meet the criteria
for BMD assessment established for the
MITT population. The TABLE presents
the baseline characteristics of the 695
subjects in the MITT population; there
were no differences among groups.
Eighty-five patients in the MITT popu-
lation did not meet the criteria for in-
clusion in the efficacy-evaluable popu-
lation; thus, 610 were included in the
efficacy-evaluable population. The base-
line characteristics for the efficacy-
evaluable population were similar (data
not shown).

Measures of BMD and BMC
The MITT and efficacy-evaluable data
for all BMD sites and BMC are re-
ported. The significant differences noted
between the active treatment group and
the placebo group for these measures
were also observed in all patients who
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were randomized to treatment, includ-
ing those who dropped out before hav-
ing any BMD data beyond the baseline
visit (pure ITT analysis). Because the
MITT and efficacy-evaluable analyses
were the primary analyses in the pro-
tocol for this trial, only these results are
presented.

For both populations, adjusted mean
changes in percentage from baseline in
spine BMD for the CEEs alone and the
CEEs-MPA groups over time are dis-
played in FIGURE 2. By the 24-month
visit, women assigned to all of the ac-
tive treatment groups had significant
gains (P�.001) in spine BMD. In con-
trast, women in the placebo group had
a significant loss of spine BMD
(P�.001). At all time points, the gains
from baseline for all active treatment
groups were significantly different
(P�.001) from the loss observed in the
placebo group.

When the changes from baseline in
spine BMD were compared among the
3 groups treated with CEEs alone for
the MITT population, only the differ-
ence between the groups taking CEEs
at 0.625 mg/d and those taking CEEs
at 0.3 mg/d (2.43% [SEM, 0.35%] vs
1.33% [0.34%]) was significant
(P=.02). Adding MPA to CEEs signifi-
cantly increased spine BMD relative to

CEEs alone at 2 years for the higher
CEE doses. The gain for the group tak-
ing CEEs at 0.625 mg/d and MPA at 2.5
mg/d was significantly greater than that
observed for the group taking CEEs at
0.625 mg/d (3.46% [0.35%] vs 2.43%
[0.35%]; P=.03). The difference be-
tween the gain in spine BMD at 24
months for the group taking CEEs at
0.45 mg/d and MPA at 2.5 mg/d (3.01%
[0.34%]) and the group taking CEEs at
0.45 mg/d (2.09% [0.33%]) was also
statistically significant (P=.05). In con-
trast, the increase in spine BMD for the
group taking CEEs at 0.45 mg/d and
MPA at 1.5 mg/d (2.22% [0.33%]) was
not different from the gains observed
for either the group taking CEEs at 0.45
mg/d and MPA at 2.5 mg/d or the group
taking CEEs at 0.45 mg/d. The addi-
tion of 1.5 mg of MPA to 0.3 mg of
CEEs resulted in changes in spine BMD
that were numerically greater than those
seen with CEEs alone (Figure 2); how-
ever, these values were not signifi-
cantly different.

The changes from baseline in total
hip BMD over time are presented in
FIGURE 3 for years 1 and 2 for both the
MITT and efficacy-evaluable popula-
tions. Significant increases from base-
line (P�.05) were observed for all ac-
tive treatment groups at all time points.

At 24 months, the gains in hip BMD
from baseline for all active treatment
groups were significantly greater than
for placebo (P�.001). At 18 months,
the placebo group lost hip BMD (P=.02
for MITT and P = .01 for efficacy-
evaluable population); however, the
loss in hip BMD at 24 months was not
statistically different from baseline
(P=.06) for the MITT population. There
were no significant differences be-
tween CEEs in combination with MPA
and the comparable dose of CEEs alone
at 24 months, nor were there differ-
ences in the gains in hip BMD among
any of the groups taking CEEs only.

The gains in total body BMC at 2
years for the MITT population were sig-
nificant (P≤.001) for all of the active
treatment groups, except those taking
CEEs at 0.3 mg/d. Increases (SEM)
ranged from 1.03% (0.34%) in the
group taking CEEs at 0.625 mg/d to
1.74% (0.33%) in the group taking
CEEs at 0.45 mg/d and MPA at 2.5
mg/d. In contrast, women in the pla-
cebo group had experienced signifi-
cant (P�.001) loss from baseline in
total BMC (–2.39% [0.33%]) by 24
months. This loss was significantly
(P�.001) different from that in all of
the active treatment groups at each time
point. As noted for hip BMD, the ad-

Table. Baseline Characteristics for the Modified Intention-to-Treat Population in the Women’s HOPE Substudy by Treatment Group*

Characteristic

CEEs,
0.625 mg/d

(n = 84)

CEEs, 0.625
and MPA,
2.5 mg/d
(n = 81)

CEEs,
0.45 mg/d

(n = 91)

CEEs, 0.45
and MPA,
2.5 mg/d
(n = 87)

CEEs, 0.45
and MPA,
1.5 mg/d
(n = 89)

CEEs,
0.3 mg/d
(n = 87)

CEEs, 0.3
and MPA,
1.5 mg/d
(n = 91)

Placebo
(n = 85)

Total
(N = 695)

Age, y 52.1 (3.1) 51.5 (4.2) 51.9 (3.6) 51.6 (3.9) 51.1 (3.5) 52.2 (3.9) 51.4 (3.5) 51.4 (4.0) 51.6 (3.7)

Height, cm 164.5 (5.1) 164.3 (6.3) 164.3 (6.6) 163.8 (6.6) 165.3 (6.0) 162.5 (5.8) 163.5 (6.2) 163.2 (5.6) 163.9 (6.1)

Weight, kg 67.4 (8.4) 66.2 (8.8) 65.6 (8.6) 65.1 (9.0) 67.2 (9.2) 64.6 (8.0) 64.7 (8.2) 64.8 (9.0) 65.7 (8.7)

Body mass index,
kg/m2

24.9 (2.7) 24.5 (2.7) 24.3 (2.7) 24.2 (2.7) 24.6 (2.9) 24.5 (2.7) 24.2 (2.8) 24.3 (3.0) 24.4 (2.8)

Age at menopause, y 49.8 (3.0) 49.3 (4.2) 49.3 (3.4) 49.2 (3.7) 48.8 (3.3) 49.9 (3.6) 49.0 (3.4) 49.0 (3.8) 49.3 (3.6)

Years since
menopause

2.3 (0.9) 2.2 (0.9) 2.5 (1.0) 2.5 (0.9) 2.3 (0.9) 2.3 (1.0) 2.3 (1.0) 2.3 (1.0) 2.3 (0.9)

Parity, No. 2.9 (1.8) 2.6 (1.6) 2.8 (1.8) 2.8 (1.8) 2.8 (2.1) 2.9 (1.8) 3.0 (1.7) 2.6 (1.7) 2.8 (1.8)

Ethnicity, %†
White 92 90 89 98 97 90 88 94 92

Other 8 9 10 2 3 10 12 5 8

Spine BMD, g/cm2 1.174 (0.153) 1.144 (0.164) 1.135 (0.155) 1.152 (0.171) 1.158 (0.141) 1.140 (0.150) 1.139 (0.145) 1.144 (0.144) 1.148 (0.153)

Total hip BMD, g/cm2 0.979 (0.136) 0.965 (0.144) 0.954 (0.136) 0.956 (0.147) 0.948 (0.130) 0.942 (0.121) 0.944 (0.122) 0.944 (0.137) 0.953 (0.134)

Total body BMC, g 2366 (298) 2343 (311) 2326 (318) 2307 (347) 2373 (272) 2286 (264) 2299 (306) 2292 (283) 2324 (301)

*Values are presented as mean (SD). HOPE indicates Women’s Health, Osteoporosis, Progestin, Estrogen trial; CEEs, conjugated equine estrogens; MPA, medroxyprogesterone
acetate; BMD, bone mineral density; and BMC, bone mineral content. P�.05 for all between-group comparisons.

†Percentages may not add to 100 because of rounding.

ESTROGEN DOSE AND BONE DENSITY

2672 JAMA, May 22/29, 2002—Vol 287, No. 20 (Reprinted) ©2002 American Medical Association. All rights reserved.



dition of MPA to CEEs did not signifi-
cantly influence the total body BMC re-
sponse, nor was there a significant dose-
response effect for CEEs alone.

Biochemical Markers
of Bone Turnover
The median values for change in per-
centage from baseline in the MITT
population are shown for N-telopep-
tides of type I collagen (FIGURE 4A) and
osteocalcin (Figure 4B). For all active
treatment groups, N-telopeptides of
type I collagen and osteocalcin were sig-
nificantly (P�.001) reduced from base-
line at all time points. By 2 years, re-
ductions in N-telopeptides of type I
collagen ranged from 55.0% for the
group taking CEEs at 0.625 mg/d and
MPA at 2.5 mg/d to 34.0% for the group
taking CEEs at 0.3 mg/d and MPA at
1.5 mg/d. The decrease in serum os-
teocalcin ranged from 36.6% for CEEs
at 0.625 mg/d and MPA at 2.5 mg/d to
22.1% with CEEs at 0.3 mg/d. The re-
duction in both bone markers was
smaller (P�.05) for the women in the
groups taking CEEs at 0.3 mg/d and
CEEs at 0.3 mg/d and MPA at 1.5 mg/d
than in the groups taking higher doses.
In contrast to the active treatment
groups, the placebo group showed no
changes for either biochemical marker
of bone turnover. The decline in N-
telopeptides of type I collagen and os-
teocalcin occurred primarily within the
first 6 months of treatment, with rela-
tively little additional change thereaf-
ter for all CEEs-only and CEEs-MPA
doses.

Adverse Events
During the 2-year study, treatment-
emergent adverse events were re-
ported by 93% of subjects in the pla-
cebo group and 96% of those in the
active treatment groups. The inci-
dence of adverse events that were re-
ported by at least 5% of patients in any
one group and that were significantly
different in the active treatment groups
compared with placebo is summa-
rized below.

Endometrial hyperplasia, metrorrha-
gia, and vaginal bleeding were re-

ported more frequently in the CEEs-
only treatment groups compared with
placebo (P�.05). The incidence of
breast pain and vaginal bleeding was
higher (P�.05) in the CEEs-MPA treat-
ment groups vs placebo. In contrast,
vaginal dryness was significantly greater
(P�.05) in the placebo group com-
pared with that in either the CEEs-

only or CEEs-MPA group. A dose re-
lationship (P�.05) was seen in the
incidence of endometrial hyperplasia
and vaginal bleeding in the CEEs-only
groups, with the highest incidence ob-
served in the group taking CEEs at
0.625 mg/d. The incidence of breast
pain in the CEEs-MPA groups also fol-
lowed a dose relationship (P�.05), with

Figure 2. Spine Bone Mineral Density Changes for Modified Intention-to-Treat and
Efficacy-Evaluable Populations for Conjugated Equine Estrogens (CEEs) Alone and
CEEs–Medroxyprogesterone Acetate (MPA) Groups
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Adjusted mean percentage changes (SE) in spine BMD over time are shown for the modified intention-to-treat
(A and C) and efficacy-evaluable (B and D) populations for both the CEEs alone (A, B) and CEEs-MPA groups
(C, D). The placebo group is displayed in all graphs. Changes were significantly different (P�.05) from base-
line and placebo for all active treatment groups at all time points.
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the highest incidence observed in the
group taking CEEs at 0.625 mg/d and
MPA at 2.5 mg/d. Throughout the
2-year study, adverse events led to the
withdrawal of 8 of the 94 women (9%)
in the placebo group and 103 of the 655
patients (16%) in the active treatment
groups.

COMMENT
The Women’s HOPE study is the first
large, randomized placebo-controlled
trial to evaluate BMD with lower doses
of CEEs alone or combined with lower
doses of MPA. Our data indicate that
lower doses of CEEs (0.45 and 0.3
mg/d) with or without a lower dose of

MPA (1.5 mg/d) prevented the loss of
spine and hip BMD and reduced bone
turnover in this population.

The significant increases in BMD ob-
served in this study with CEEs only (0.3
mg/d) agree with those of Genant et al,4

who used calcium with esterified es-
trogens at 0.3 mg/d, and contradict ear-
lier preliminary studies11,12 suggesting
that doses of CEEs lower than 0.625
mg/d do not protect against postmeno-
pausal bone loss. Our results showing
the effectiveness of lower doses of CEEs
combined with a lower dose of MPA are
similar to those of small clinical trials
of early postmenopausal women of dif-
ferent ethnic backgrounds, which have
reported that CEEs at 0.3 mg/d com-
bined with the commonly prescribed
dose of MPA (2.5 mg/d) preserved bone
density.7,16,20,21 Recker et al6 also re-
ported similar improvements in older
postmenopausal women treated with
CEEs at 0.3 mg/d and MPA at 2.5 mg/d
combined with 25-hydroxyvitamin D
and calcium. Our results with lower-
dose combination regimens do not sup-
port those of the CHART Study,5 which
found no significant increase in BMD
with ethinyl estradiol at 1 µg/d with
norethindrone acetate at 0.2 mg/d and
ethinyl estradiol at 2.5 µg/d with nor-
ethindrone acetate at 0.5 mg com-
pared with baseline.

A dose-response effect for CEEs
(0.625 mg/d was greater than 0.3 mg/d)
was observed for changes in spine BMD
but not the other BMD measures, which
is not surprising, because the spine is
more metabolically active than the hip.
Genant et al12 reported a 7-fold higher
loss of vertebral cancellous bone than
peripheral compact cortical bone in
postmenopausal women after surgical
menopause.

In the present study, the impact of
MPA on CEEs was significant only for
the increase in spine BMD and only for
the 0.625-mg dose of CEEs. Similar
findings were noted by Grey et al15 in
their study of 23 women treated with
a continuous combined regimen of
CEEs at 0.625 mg/d with MPA at 5 mg/d
for 1 year. In the large, randomized pla-
cebo-controlled, 3-year Postmeno-

Figure 3. Hip Bone Mineral Density Changes for Modified Intention-to-Treat and
Efficacy-Evaluable Populations for Conjugated Equine Estrogens (CEEs) Alone and
CEEs–Medroxyprogesterone Acetate (MPA) Groups
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pausal Estrogen/Progestin Interven-
tions (PEPI) trial,14 the initial analysis
showed a significantly higher increase
in CEEs with continuous MPA in spi-
nal BMD; however, no significant dif-
ferences were found in BMD changes
among the active treatments in adher-
ent participants. At the lower CEE doses
in the present study, neither dose of
MPA resulted in gains in BMD or BMC
that were significantly greater than
those observed with CEEs alone. Gal-
lagher and colleagues13 noted that MPA
combined with CEEs (0.3 mg/d) for 2
years preserved spine BMD like CEEs
only at 0.6 mg/d. However, in that
study, 10 mg of MPA was used.

The time-course changes in BMD that
we observed with CEEs only at 0.625
mg/d or combined continuously with
MPA at 2.5 mg/d are also consistent with
those reported for all participants in the
PEPI trial.14 However, a direct compari-
son of the final change in BMD is im-
possible because our study was com-
pleted after 2 years, whereas the PEPI
trial took 3 years to complete.

The relationship between BMD, frac-
ture, and HRT has been reported in
clinical trials using commonly pre-
scribed doses.8-10 Although a fracture
study in early postmenopausal women
is impractical, further investigation is
necessary to see whether the effects of
lower doses of CEEs-MPA would re-
sult in a reduction of fractures in older
postmenopausal women.

The importance of ERT and HRT for
preserving bone mass is evidenced by the
response of the placebo group. Women
in this group lost significant amounts of
BMD at all sites compared with base-
line. The lack of change in bone turn-
over markers in the placebo group sug-
gests that women in this study were
likely to have received adequate cal-
cium. Our findings support those of
Dawson-Hughes et al,22 who noted that
supplementation with calcium alone
(500 mg/d) did not prevent the loss of
BMD in early postmenopausal women.
However, bone loss was less rapid in
women who had been postmenopausal
at least 6 years and whose usual dietary
calcium intake was less than 400 mg/d.

In summary, lower doses of CEEs or
CEEs-MPA effectively reduce bone loss
in early postmenopausal women. This
substudy was part of the Women’s
HOPE study, a larger trial that demon-
strated the beneficial effects of low-
dose CEEs-MPA regimens on vasomo-
tor symptoms and vaginal atrophy,18

lipid profiles,19 bleeding profiles,23 and
endometrial hyperplasia.24 In addi-
tion, using lower doses of both estro-
gens and progestins makes clinical sense

and may enhance compliance with and
initiation of therapy by enhancing the
benefit-risk ratio.1,2
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