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ESTROGEN THERAPY IN POSTMENOPAUSAL OSTEOPOROSIS 
WHAT WE KNOW AND WHAT WE DON'T* 

Christian ROUX 

SUMMARY. - Replacement estrogen therapy is 
of proven efficacy for the prevention and treat
ment of postmenopausal bone loss. Oral and 
transdermal 17~ estradiol have provided similar 
benefits in clinical studies. The lowest effective 
doses are 0.625 mg per day for conjugated estro
gens, 2 mg per day for oral t 7~ estradiol, 1.5 µg 
per day for 17~ estradiol gel, and 50-µg 17~ 
estradiol patch per day. Bone mineral density 
should be monitored if lower doses are used. 
Several epidemiologic studies found that a 
decrease in the incidence of osteoporotic frac
tures was achieved only when the duration of 
estrogen replacement therapy exceeded seven 
years. It follows that replacement therapy should 
be started at cessation of menses, if possible. 
However delayed replacement therapy (i.e., at 65 
years of age) is unquestionably effective. 

Key words: Estrogen - Osteoporosis - Menopause 
- Densitometry. 

The efficacy of hormone replacement therapy in 
the prevention and treatment of postmenopausa l 
osteoporosis is widely recognized [1]. Other bene
fits include favorable effects on many immediate 
and del~yed postmenopausal changes. Lipid para
meters improve and thi s, together with a direct 
effect on blood vessel walls, probably reduces the 
cardiovascular risk. Studies are under way to deter-
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RESUME. - Estrogenotlrerapie et osteoporose 
post-menopausique : Les certitudes et Jes pro
blemes. - Le traitement estrogenique substitutif 
est reconnu comme efficace dans la prevention 
et le traitement de l'osteoporose post-menopau
sique. Le 17 ~ estradiol peut etre administre par 
voie orate ou transcutanee avec, dans les eludes 
cliniques, une efficacite comparable. Des doses 
minimales efficaces ont ete etablies : 0,625 mg 
pour les estrogenes conjugues equins, et, pour le 
17~ estradiol, 2 mg pour la voie orale, 1,5 mg 
pour le gel et 50 µg pour le patch. Lors de !' utili
sation de doses inferieures la surveillance densi
tometrique est necessaire. Selon plusieurs eludes 
epidemiologiques seuls les traitements prolonges 
(au moins a 7 ans) peuvent reduire \'incidence 
des fractures osteoporotiques. Dans la pratique 
cela pose le probleme du moment optimal d ' ins
tauration du traitement hormonal. Il est logique 
de le debuter a la menopause. Un debut dit tar
dif (a 65 ans) du traitement hormonal garde 
neanmoins toute son efficacite. 

Mots cles : Estrogenes - Osteoporose -
Menopause - Densitometrie. 

mine whether hormone replacement therapy pro
tects against Alzheimer's disease. The breast cancer 
risk in pa!ients ~nder hormone replacement therapy 
has been mvest1gated in many studies, with conflic
ting results [1 ,2]. 

Rheumatologists are frequently called upon to 
prov ide advice regarding the appropriateness of 
hormone replacement therapy in a postmenopausal 
patient [3]. This advice should be based on a num
ber of «bone» criteria, which are discussed below. 

WHICH ROUTE OF ADMINISTRATION? 

Estrogens can be given orally (conjugated estro
gens or 17~ estradiol) or transdermally (17~ estra
diol in a ge l o r patch) . Bo th these routes a re 
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Fig. 1. - Change in bone mineral density at the spine (% of baseline). Comparison of conti
nuous and sequential oral therapy. From Munk-Jensen et al. [5]. 

associated with a transient increase in bone mass. 
This effect was demonstrated as early as 1981 by a 
study of continuous sequential therapy with 4 mg 
then 1 mg of oral 17~ estradiol [ 4]. Subsequently, a 
prospective, randomized, placebo-controlled study 
in 151 women [ 5] showed that oral estradiol in a 
dose of 2 mg per day for 18 months produced a 3 to 
4% increase in bone mass, which translated into a 5 
to 6% advantage over the placebo group (Fig. l ). In 
a prospective open study in 40 women who were 
less than five years postmenopausal [6], 1.5 mg per 
day of 17~ estradiol as a gel, plus a progestogen ten 
days per month, induced a 5% increase in bone 
mass over a two-year period. Also, a prospective 
two-year study of the same treatment versus estriol 
[7] in 39 women demonstrated an annual bone mass 
increase of 1.2% with an arrest in bone loss at the 
femur. An open controlled study [8] found similar 
effects with 0.625 mg/day conjugated estrogens 
(n= 17) or 1.5 mg/day 17~ estradiol in a gel (n=20) 
given for two years, with an increase in spinal bone 
mass of 4.1% and 5.6% in these two groups, res
pectively (Fig. 2). In a prospective randomized 
study in 118 oophorectomized women [9], a 50 µg 
l 7~ estradiol patch applied each day 24 days per 
month produced a 2.8% increase in vertebral bone 
mass over a one-year period; similar results were 
obtained with 0.625 mg/day conjugated estrogens 
given orally 27 days per month. Two randomized 
studies [ 10, 11] found comparable effects on bone 
mineral density with a 17~ estradiol patch ( one 50-
µg patch per day for 28 days, with addition of 0.25 
mg/day norethisterone acetate for 14 days) and with 
0.625 mg/day oral conjugated estrogens for 28 
days, with addition of0. 15 mg/day norgestrel for 12 
days: bone mineral density was increased at the 
spine and femoral neck by about 2.5% after 18 

months and 1 % after three years, with no signifi
cant differences between the oral and transdermal 
route,,5 (Fig .. 3). Effects on bone mass have also been 
similar with the gel and patch forms of 17~ estra
diol. For instance, in an open controlled study [12], 
94 postmenopausal women were divided into three 
groups that were comparable in terms of time since 
menopause, height, and weight. Two groups recei
ved 17~ estradiol in a patch or gel, respectively, and 
the third group served as the control. The 17~ estra
diol dose was one 50-µg patch per day or l .5 mg in 
a gel per day, 21 days per month, with a progesto
gen during the last ten days of the sequence (pro
gesterone, dihydrogesterone, or promegestone ). 
After two years, a comparable increase in bone 
mass was seen in the two treatment groups (4.4% 
with the patch and 5.2% with the gel), whereas 
bone mass decreased by 4% in the control group 
(Fig. 4). 

HOW LONG? 

Three years is the longest follow-up in available 
prospective bone mineral density studies. Some 
evidence that bone loss may resume at a slow rate 
after several years under hormone replacement the
rapy has been reported [ 13, 14 ], and further work on 
this point is needed. 

The optimal duration of hormone replacement 
therapy should be determined based on expected 
effects on the fracture risk. Case-control and cohort 
studies have suggested an up to 50% decrease in the 
fracture risk under replacement therapy, with the 
effect being most marked at the femoral neck 
[1 ,15-21]. In one study [16], the relative risk of 
fracture was 0.8 to 0.9 during the first four years of 
replacement therapy but fell to 0.4-0.5 after five 
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Fig. 2. - Change in bone mineral density at the spine (% of baseline). Comparison of oral estro
gens (0.625 mg/day conjugated estrogens) and transdermal estrogens (1.5 mg/day of estradiol in 
a gel). From Palacio S. et al. (8). 
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Fig. 3.- Change in mean bone mineral density at the spine (% of baseline). Comparison of oral 
conjugated estrogens (0.625 mg/day) and transdermal estradiol (one 50-µg patch per day). From 
Stevenson JC et al. (10). 
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years. This time-course was confirmed in a subse
quent study [ 17], in which the relative risk fell to 
0.42 after five years. An analysis of bone mineral 
density data from the Framingham· study (22] found 
that hormone replacement therapy was associated 
with significant increases in spinal and femoral 
bone mass versus controls only when the treatment 
duration was longer than seven years. All these 
results were obtained in patients given conjugated 
estrogens or 17~ estradiol without progestogens. 
Only 2.8% of the women studied by Cauley et al. 

(20] had received combined estrogen-progestogen 
therapy. In a 1990 prospective cohort study [ 19], in 
contrast, combined therapy was used by 41 % of the 
patients. 

WHEN TO START? 

At cessation of menses 

Bone loss occurs at a faster rate during the first 
few years after the menopause, suggesting that hor
mone replacement therapy should be started as 
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Fig. 4. - Change in bone mineral density at the spine. Comparison of estradiol in a gel (1.5 
mg/day) and in a patch (50 µg/ day). From Ribot C. et al. (12). 

soon as menstruation ceases. In one study [23), for 
instance, bone was lost at the spine and femur at an 
annual rate of 1.5% during the first two years after 
the menopause, versus 0.5% ten years after the 
menopause. In addition, the period of rapid bone 
loss is probably characterized by pem1anent altera
tions in the microarchitecture of bone trabcculae. 
An epidemiological study [20) found that the 
reduction in fracture risk was most marked with 
long-term therapy started at cessation of menses. 

Bone continues to be lost lifelong, however: at 
the proximal femur, for instance, the annual rate of 
bone loss ranged from 0.5 to 0.8% according to the 
measurement site in a group of subjects aged 68 to 
98 years (24]. This explains why the decrease in 
bone mass at the proximal femur exceeds 50% 
toward the end of a woman's lifespan. Studies usi ng 
recently identified sensitive and specific markers 
for bone turnover (25] have shown that the increase 
in bone turnover seen at the menopause as a result 
of estrogen deprivation remains unchanged more 
than ten years later. Increased bone turnover was 
shown to be a more s ignificant determinant of 
osteoporosis in women who were more than 20 
years postmenopausal than in women who had 
recently ceased m enstruating (26]. These data sug
gest that treatment with antiosteoclast agents may 
be appropriate for reducing bone turnover in osteo
porotic women who are more than ten years post
menopausal. 

After cessation of menses 

Epidemiological studies consistently found that 
the beneficial effects of hormone replacement the-

rapy on bone became gradually less marked w ith 
advancing age. Tn the MEDOS study [29], treat
ment for at least five years decreased the risk of 
femoral neck fracture in patients younger than 80 
years (relative risk, 0.5 ! ) but not in those older than 
80 years. Similarly, a 25-year follow-up study that 
compared 245 treated women with a group of 
controls found that estrogen therapy given for a 
mean of 17 years was associated with a reduced 
fracture risk in women younger than 80 years but 
not in those older than 80 years [21]. 

Hormone replacement therapy slows the rate of 
bone loss only for as long as it is given, although no 
rebound effect is seen at treatment discontinuation 
[4]. In some studies (16, 18], the relati ve ri sk of 
femoral neck fracture began to increase two years 
after treatment discontinuation. Another study sug
gested that stopping the treatment erased its benefi
cial effects, even ifit had been given for many years 
(20]. From an epidemiological viewpoint, honnone 
replacement therapy started at the menopause 
should be continued lifelong (Table I). 

Estrogen therapy started after 65 years of age has 
beneficial effects, including significant decreases 
in bone turnover markers (28) and an increase in 
bone mass (29-3 I]. ln a group of women with a 
mean age of 65 years ( range, 54-72 years), annual 
bone mass increases of 5.3% at the spine, 7.6% at 
the trochanter, and I% at the radius were seen 
during 17~ estradiol patch treatment ( I 00 µg/day, 
21 days per month) combined with medroxyproges
terone acetate IO days per month [32). Another 
study found similar bone mass increases in women 
less than five years postmenopausal ( +5%) and 

~ 
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TABLE I. • Fracture risk reduction by duration of hormone replacement therapy (from Cauley 
et al. [20]). The data shown are the adjusted relative risks, with their 95% confidence 

intervals in parentheses. 

HORMONAL THERAPY 
Current Past 

duration duration Follow-up Follow-up 
FRACTURE < 10 years > 10 years < 10 years > 10 years 

Femoral neck 0.81 0.27' 0.97 1.67 
(0.40-1.65) (0.08-0.85) (0.65-1.46) (0.92-3.01) 

Wrist 0.75 0.25• 0.79 0.90 
(0.42-1.36) (0.1 0-0.61) (0.57-1.10) (0.50-1.64) 

·p<0.05. 

more than ten years postmenopausal (+7.7%) after 
two years under 17~ estradiol gel therapy in a dose 
of 1.5 mg per day [6]. 

A theoretical model of the effects of hormone 
replacement therapy on bone has been developed 
[ 13] that highlights the rapid obliteration of bone 
mineral density gains after treatment withdrawal, as 
well as the efficacy of delayed treatment. This last 
assumption is in keeping with a study demonstra
ting an immediate decrease in the vertebral fracture 
ris~ after treatment initiation at 65 years of age 
(Fig. 5). However, the model also makes the 
assumption that bone continues to be lost at a slow 
rate during long-term administration of estrogens, 
whjch remains unproven. 

HOW MUCH? 

Estrogens affect bone only when given above a 
threshold dose. Effects on bone have been docu
mented with 0.625 mg/day oral conjugated estro
gens, 2 mg/day oral 17~ estradiol or estradiol 
valerate, 50 mg/day 17~ estradiol in a patch, and 
1.5 mg/day 17~ estradiol in a gel [5,10,12,33,34]. 
Furthermore, the bone effects of estrogens are pro
bably dose-dependent. For instance, a study of oral 
estrogen therapy found a greater increase in radial 
bone mass with 4 mg/day than with 2 mg/day (4]. 
Dose dependency probably also exists with trans
dermal 17~ estradiol [35]. 

Identification of the lowest effective dose is an 
important goal that cannot be achieved based on 
epidemio logica l data because of the marked 
changes in prescribing patterns that have occurred 
over time, at least in the United States. For instance, 
in one study conjugated estrogens were given in a 
mean dose of 0.9 mg/day in the 1970s versus 0.5 
mg/day starting in the 1980s [21] . ln the same 
study, 81 % of patients had received more than the 
recommended dose of 0.625 mg/day. The effect of 
the treatment on the fracture risk cannot be ascribed 
to a given dose. 

It has been suggested that calcium supplementa
tion providing 1.5 g elemental calcium per day may 
have a dose-sparing effect, with 0.3 mg/day conju
gated estrogens affording adequate protection 
against bone loss (36]. This has not been confir
med. Neither has it been established that a dosage 
reduction after some time under therapy allows to 
maintain the initial gain. A prospective, randomi
zed, placebo-controlled study in 127 recently 
oophorectomized women found that 17~ estradiol 
in a dose of one 25 µg patch per day failed to pre
vent bone loss at the spine and radius (35] . 
However, the rate of bone loss is very high in surgi
cally menopausal patients. 

Until prospective bone mineral density studies of 
the effects of moderate doses are available (0.3 mg 
oral conjugated estrogens, 1 mg oral 17~ estradiol, 
37.5 or 25 µg l 7f3 estradiol in a patch, or 0.75 µg 
17~ estradiol in a gel), such doses cannot be recom
mended for the goal of preventing bone loss. If 
used, their effect should be monitored by bone 
mineral density measurements. 

WHICH EFFICACY CRITERION? 

Today, the only efficacy criterion suitable for use 
in clinical practice is the effect on bone mineral 
density. Reproducibility of bone mineral density 
measurements shortly after the menopause is about 
1 % at the spine and 1.5% at the proximal femur. 
Strictly speaking, only a change of at least 2.5-3% 
is proof of an actual change in bone mass. It follows 
that any beneficial effects on bone mineral density 
can be demonstrated on ly after 18 to 24 months 
under therapy. To sidestep this difficulty, surrogate 
markers that may allow earlier detection of treat
ment effects have been looked for. Serum estradiol 
assays are not widely available and must be done on 
samples taken at a given time after application of 
estrogen to the skin. In addition, the serum estradiol 
threshold above which bone effects occur varies 
widely across individuals, from 40 to 60 pg/ml. 
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More satisfactory surrogate markers may be bio
chemical markers for bone turnover (serum osteo
ca I cin and urinary pyridinoline and collagen 
peptides) (28], whose levels were lower in postme
nopausal women under hormone replacement the
rapy than in postmenopausal controls (25] . After 
three months under therapy, similar decreases in 
these markers were found with the oral route (0.625 
mg/d) and the transdermal route (50 µg patch) [37]. 
At present, however, reproducibility is too low and 
normal values too uncertain to allow use of these 
markers as tools to guide therapeutic decisions in 
the individual patient. This will probably change in 
the near future: evidence has been obtained that an 
adequate decrease in bone turnover m~rk~rs in 
patients under bisphosphonate therapy indicates 

A 

85 

B 

Fig. 5. - Suggested model of the 
effects on bone mineral density of 
hormone replacement therapy in an 
effective dose. From Ettinger and 
Grady [13). A: discontinuation of the 
treatment at 65 years of age is follo
wed by resumption of bone loss. B: 
initiation of treatment at 65 years of 
age is followed by an increase in 
bone mass. 

satisfactory control of bone turnover and is associa
ted with an increase in bone mass and a decrease in 
the fracture risk. 

DO SOME PATIENTS FAIL TO RESPOND? 

Opinion is divided on whether hormone replace
ment therapy fails to prevent bone loss in some 
patients [ I 3,38]. Use of too low a dose or faulty 
technique during measurements of bone effects 
may mistakenly suggest a treatment failure. In one 
study [ 11], however, significant bone loss was 
documented at the femoral neck in 14% of patients 
who had been receiving effective doses of estrogens 
via the oral or transdermal route. Another study 
reporting individual values rather than means found 
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vertebral bone loss detectable by computed tomo
graphy during oral 17~ estradiol therapy in a dose 
of 1 to 2 mg per day (39]. A ret rospective study 
demonstrated bone loss in 2 1 % of women receiving 
appropriate hormone replacement the rapy ( 40], 
although this result was ascribed in part to poor 
reproducibili ty of the gadolinium absorptiometry 
method used for the bone density measurements. 

There is no obvious reason why replacement the
rapy with a natural hormone might fail to protect 
against bone loss. Poor complia nce may explain 
some apparent treatment failures. Secondary hyper
parathyroidism due to an inadequate intake of cal
c ium may be present in some patients. But the most 
likely explanation for most treatment failures is that 
the dose should probably be determined on a case
by-case basis. Patients at high ri sk for osteoporosis 
who cannot be given the estrogen dose that is cur
rently recomme nded for bo ne loss prevent ion 
should be monitored by bone mineral density mea
surements. 

HOW USEFUL IS CONCOMITANT 
PROGESTOGEN THERAPY? 

Progestogens antagonize the effects of estrogens 
but have no harmful effects on bone and do not 
modify the benefi c ial bone effects of estrogens. 

JUNE 1997 

Natura l progestero ne has no proven benefic ial 
effects on bone (41]. Using the ovariectomized rat 
model, we found no protective effects against bone 
loss of dydrogesterone, a dehydro-stereoisomer of 
natural p rogesterone (42] . No reth isterone and 
medroxyprogesterone acetate, which a re w idely 
used in the United States, have demonstrated favo
rable effects on cortical bone (43,44], which have 
been ascribed to the a ndrogen-like propert ies of 
these com pounds. The 19 norpregnanes, which 
have a good metabolic safety profile, may be useful 
as bone protecting agents. A prospective placebo
controlled study in 23 women given promegestone 
(500 µg/day) shortly after cessation of menses 
found a protective effect against bone loss at the 
spine [ 45]; these p reliminary results require confir
mation. 

CONCLUSION 

Estrogen therapy is effective for preventing and 
treating postmenopausal osteoporosis. T he trans
dermal route (gel or patch) is as effective as the oral 
route. However, the beneficial effects occur only if 
the estrogen is given long-term and in an effective 
dose. It fo llows that the products used must have an 
excellent safety profile. The results of studies of the 
efficacy of moderate doses are impatiently awaited. 
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