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ABSTRACT

¢

Objective - To determine whether -there is a. dose—response effect of percutdneOus oestradrol S
- implants on the skeletons of postmenopausal women usmg a range ofdoses avalldble in clrmcal

practice. ,
Design One year randomrsed study

Subjects Forty-five postmenopausal women who requested oestrogen replacemem therapy were

o

randomised to receive 25 mg, 50 mg. or 75 mg oestradiol implants. The bone mmerdl density
changes were compared with a control group of 15 untreated women. o

Main outcome measures Dual energy X-ray absorptiometry using Hologic lOOO QDR before
treatment and after one year of treatment. Plasma oestradiol and follicle stimulating hormone

levels before treatment and after one year.

Results There were significant correlations between the plasma oestradiol levels and the percentage
increase in bone densrty at the lumbar spine. the total hip, the femoral neck, and the trochanter.
The median (range) plasma oestradiol level was 327 pmol/l (114-853) in the 25 mg group,
358 pmol/1(220-957) in the 50 mg group and 518 pmol/I (167-828)in the 75 mg group. Three
women who lost a significant amount of bone from the clinically relevant sites in the 25 mg
oestradiol group all had plasma oestradiol levels below 300 pmol/l None of the women in
either the 50 mg or 75 mg oestradiol groups lost bone from these sites. -

Conclusions  @estradiol implants resulted in a wide range of crrculatmg oestradlol levels with each
of the doses used. There was a significant relation between plasma oestradiol levels and the
increases in bone density at both the lumbar spme and the prommdl femur. None of the women
lost bone density at the clinically important sites of the spine and femoral neck rf their plasma

oestradiol levels were above 300 pmol/l.

Oestrogen replacement is the cornerstone for the pre-
vention and treatment of postmenopausal osteoporosis.
Systemic administration of oestrogen orally (Civitelli ez al.
1988; Munk-Jensen er al. 1988) by transdermal patches
(Ribot et al. 1990) or by percutaneous implants (Studd ef
al. 1990) can all significantly increase bone mineral density.
Epidemiological studies have confirmed that oestrogen
therapy reduces the incidence of osteoporotic fractures
(Spector et al. 1992).

There is also evidence that the bone densrty of the
osteoporotic skeleton of older women can be increased
with oestrogen therapy with the greatest response in
- women with the lowest bone density (Lindsay & Rohme
1990). Studd et al. (1990) previously have demonstrated a
significant correlation between the post-treatment plasma
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oestradiol levels-and the percentage increase in vertebral
bone density measured by dual photon absorptiometry. In
that study 75 mg oestradiol implants were given together
with 100 mg testosterone implants. No correlation between
bone density and testosterone levels was found, and a
subsequent report showed that the addition of testosterone
results in no significant increase in bone density compared
with oestradiol alone (Garnett et al. 1992).

We have undertaken a study to determine whether it is
the dose of subcutaneous oestgogen implant administered
that is critical to increase bone density, or whether it is the
level of circulating oestradiol obtained, irrespective of the
dosage, that is the most important factor.

'Subjects and methods
" Forty-five healthy, postmenopausal women were recruited

to participate in this study. None of the women had used
any medication known to affect bone metabolism. Women
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Table 1. Baseline demographic data for the control group (n = 15) and the three treatment groups who received 25 mg ( = 15), 50 mg
7\ (n=15), or 75 mg (n = 15) percutaneous oestradiol implants. Values are shown as median (range). BMI = body mass index.

Oestradiol implants

25 mg 50mg 75 mg Controls
Age (yr) 54-8 530 575 59
(48-65) (41-73) (51-66) (41-71)
Menopausal age (yr) 525 7-5 65 875
. ' (1-19) . (1-22) (1-15) (1-37)
Height (cm) 164 163 165 160
. (155-179) (145-172) (157-176) (150-171)
Weight (kg) 64-4 587 62 59-6
. o L (52-79) (44-4-85) (46-81-5) (47-80-5)
BMI (kg/m?) 249 232 226 237
(20-8-31-8) (21-287)  (196-282) (20-3-294)

Table 2. Baseline bone density data for the control group (n = 15) and the three treatment groups who received 25 mg (1 = 15), 50 mg

(n = 15), or 75 mg (n = 15) percutancous oestradiol implants. Values are shown as mean (SD) bone density in g/em?

Oestradiol implants

25 mg

50 mg 75 mg Controls

0:949 (0-193)
0-714 (0-129)

Lumbar spine
Femoral neck

Trochanter 0-600 (0-098)
Intertrochanteric 0973 (0-191)
Total hip 0-828 (0-154)

Wards triangle 0-549 (0-146)

0-908 (0-172)
0-679 (0-129)
0-598 (0-107)
0938 (0-208)
0-796 (0-159)
0-501 (0-152)

0-920 (0-165)
0-684 (0-114)
0-605 (0-094)
0921 (0-162)
0-783 (0-120)
0-519 (0-126)

0-895 (0-158)
0681 (0-147) ©
0624 (0-103)
0951 (0-188)
0-810 (0-120)
0-491 (0-149)

with an excessive use of tobucco (> 10 cigarettes/day) or
alcohol consumption (> 14 units/week) were excluded.
The onset of the menopause was taken as the time of their
last spontaneous menstrual period. Those who had
previously had a hysterectomy were regarded as being
menopausal from the time of onset of menopausal
symptoms if the ovaries were conserved. or at the time of
surgery if the ovaries were removed.

The women were randomised by blind selection to
receive 25 mg (n = 15), 50 mg (n = 15) or 75 mg (n = 15)
percutaneous oestradiol implants (Organon Laboratories

- Ltd. Cambridge. UK) for one year. These were inserted
under the skin of the anterior abdominal wall at 0. 6. and
12 months (Thom & Studd 1980). None of the women
received testosterone. Women who had not undergone
hysterectomy were given cyclical medroxyprogesterone
(5 mg daily) for the first 10 days of each calendar month to
protect the endometrium against hyperplasia.

The bone density at the hip and the lumbar spine was
measured before treatment and at one vear using a DENA
Hologic 1000. QDR dual energy X-ray absorptiometer
(Hologic Inc. Waltham. Massachusetts. USA). The
changes in bone mass were compared with a control group
of 15 postmenopausal women who did not want oestrogen
replacement therapy. Plasma assays of follicle stimulating
hormone (FSH). performed by chemiluminescence. and off
oestradiol, performed by radio-immunoassay. were done
at 12 months before insertton of a further implant.

Statistical analyvsis
The coeflicient of variation for the densitometer was
calculated by measuring a spinal phantom daily and was
0-67 % during the course of the study. Precision in vivo was
determined by serial scans in 10 healthy premenopausal
volunteers. The mean coefficient of variation was 0-98 % at
the lumbar spine, 1-03 % at the femoral neck. 1-22 9% at the
trochanteric region. 1:21 % at the total hip. 1:32% at the
inter-trochanteric region. and 1-83% at Ward’s triangle.
To compare the three dosage groups. Mann-Whitney U
test was used for the baseline demographic data and the
two-tailed Student’s ¢ test was used for the baseline bone
mineral density data. The percentage changes in bone
density were calculated using the Wilcoxon test. Spearman
correlation coefficient was used to examine the relation
between the parameters.

Results

The three dosage groups and the control group were very
stmilar in their age. menopausal age. height. weight. body
mass index. and initial bone mineral density, The buseline
demographic data are shown in Table 1 and the baseline
bone mineral density data are shown in Table 2.

There were significant correlations between the plasma
oestradiol levels of the 45 treated women and  the
percentage increase in bone density at the lumbar spine
(r=026. P < 005 (Fig. Do othe total hp o= 0320
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Fig. 1. The relation between the increase in bone mineral density at the lumbar spine and post-treatment oestradiol levels. r = 0-26;

P < 0-05.
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Fig. 2. The relation between the increase in bone mineral density at the proximal hip and post-treatment oestradiol levels: r = 0-25;

P < 005,

P < 0-05) (Fig. 2), the femoral neck (r = 0-25, P < 0-05)
(Fig. 3), and the trochanter (r = 0-37, P < 0-01). ,
There were also significant correlations between the age
(r =056, P<0001) and menopausal age (r= 0483,
P < 0-007) of the women who received oestradiol implants
and the percentage increase in bone mass at the spine, but
not at any of the sites measured at the proximal femur.
The median percentage changes in bone density with
95% confidence intervals (CI) for all the sites in each
dosage group are shown in Table 3. The median post-
treatment plasma oestradiol and FSH levels are shown in
Table 4.iThere was a statistically significant difference
(P < 0-01) between the 25 mg and 75 mg dosage groups in
the percentage increase in bone mass at the spine. There
were no statistically significant differences between dosage
groups at the other sites. There were no statistically

significant differences in the plasma oestradiol and FSH
levels between the three dosage groups.

Two women in the 25 mg dosage group lost a substantial
amount {more than twice the precision of the densitometer)
of bone density from the spine. They had plasma oestradiol
levels of 188 and 288 pmol/l, respectively. Another women
in the 25 mg dosage group with a plasma oestradiol level
of 230 pmol/1 lost bone dengjty from the femoral neck..
None of the women in the 50 mg or 75 mg dosage groups
lost substantial amounts of bone mass at these sites.

Discussion

Oral preparations are the most commonly prescribed form
of oestrogen for postmenopausal women, largely because
they are cheap, convenient and have been shown to be safe
and effective after more than 20 years of use. Ingested
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Fig. 3. The relation between the increase in bone mineral density at the femoral neck and post-treatment oestradiol levels. r = 0-32:
P < 005. '

Table 3. Changes. given as percentage of change. in bone density in the treatment and control groups after one year of treatment. Values
are median (95% confidence intervals).

Oestradiol implants x
25mg 50 mg 75 mg Controls
Lumbar spine *5-56 *645 +*10-0 -0-63
(2-14 10 857 (462 to 9-5) (737 to 12:73) (=306 to 1'75)
.Femoral neck *4-16 *4] *5-45 —1-82
(1-85 to 7:34) (243 to 5:51) (297 to 7:07) (—4-87 to 0-88)
Trochanter *5-09 *368 *6:13 -291
(357 to 722 (1-2 to 5-86) (402 to 9-33) (—483 to —041)
Intertrochanteric 2:77 *2-84 2:82 —1-0
(I'5to 5:34) (0-51 to 5-48) (0-42 to 541) (—414 to 1:95)
Total hip *353 *3-38 *4-6 —295
(1:21 to 7:33) (145 to 5:0) (2:62 to 6:69) (=543 to —019) .
Wards triangle 2:57 *6-98 435 —0-65
: (=2-85t07353) (196 to 12:6) (—~5651t01084) (—4921t0 628) - -

* P < 005 compared with controls.
+ P < 001 compared with 25 mg oestradiol implants.

Table 4. The post-treatment plasma oestradiol and follicle
stimulating hormone (FSH) levels after one vear. Values are
shown as median (range). )

7S my

25 mg
Qestradiol 327 s SN
(pmol/N (114-85%) (220 - 957) 1167, 828)
FSH 268 16 555
(au:h (2 66) (1128 (-9 3.‘\‘7‘)

oestradiol (E,) is metabolised by the liver to the less potent

vestrone (E,) with a reversal of the normal physiological

E,:E, ratio (Powers o1 al. 1985). It is cluimed that the
minimum daily dose of oral oestrogen necessary o
maintain bone mass is the equivalent of 0623 mga con-

jugated equine oestrogens (Lindsay et al. 1984) or between
1 mg and 2 mg oestradiol (Christiansen er al. 1982). These
doses are used widely in clinical practice. Unfortunately.
compliance with oral therapy is poor. It has been reported
that less than 30% of women prescribed oestrogen
replacement therapy collect their prescriptions and. of
those who do. only a third continue with medication for
more than three months (Nachtigall 1990).

The percutaneous route of administration avoids the
entero-hepatic circulation and is associated with physio-
logical premenopausal plasma ratios and levels of
oestradiol and oestrone (Thom ¢t /. 1981). The minimum
dose of transdermal patch effective for preventing post-
menopausal bone loss is 50 pg daily (Stevenson ef ul.
1990). but they are expensive and can cause allergic skin
reactions. Percutaneous oestradiol implants are not only
inexpensive and convenient. but they also overcome the
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problem, of poor patient compliance. This treatment

---produces higher oestradiol levels than other preparitions

and should therefore produce a greater therapeutic
response in the skeleton. '

Our study is the first to demonstrate significant
correlations between plasma oestradiol levels and the
percentage increase in bone density at both the lumbar
spine and the proximal hip. The increase in density at the
spine was also greatest in older women furthest into the
menopausal years. There were wide variations in the

“circulating oestradiol levels with each of the three doses.

indicating that the pharmacodynamics of oestradiol
implants vary between women. This variation results in an
individual response to a particular dose and explains why
there are not incremental changes in bone density at some
sites with increasing oestrogen dose. The increase in bone

mass with higher doses is most evident at the spine which -

contains a greater amount of trabecular bone than the
hip. and therefore any subtle difference in response is more
readily revealed. '

Some women continue to lose bone despite taking
expected bone-sparing doses of oestrogen (Stevenson et al.
1990). In our study the women who lost bone density were
only in the 25 mg oestradiol group which produced a
median plasma oestradiol level of 327 pmol/l. To ensure
an appropriate skeletal response. particularly to low dose
therapy. serial bone densitometry must be regarded as a
necessary investigation. However, if this is not available.
plasma oestradiol should be monitored to ensure that the
levels of circulating oestrogen are in the therapeutic range
of at least 300 pmol/l.

Although the skeletal dose-response with oestrogen
suggests that new bone is produced. there have been no
histological studies to confirm this. The only reported
histomorphometric study of iliac crest bone samples used
a low dose oral preparation (Steiniche er al. 1989) and
showed a reducti¥n in bone turnover and activation
frequency, but no change in bone volume after one year.
In an unpublished study of osteoporotic women treated
with 75 mg oestradiol implants for one year, we also have
shown a reduction in bone turnover (Holland er al.
unpublished data) but. despite large increases in bone
mineral density of 14-4% at the spine and 53 % at the hip
in older women using dual energy X-ray absorptiometry.
there was no significant increase in trabecular bone volume
in iliac crest biopsies. The answer will only become
apparent from long term prospective histological studies.
together with epidemiological data on the fracture rates
with different oestrogen treatment regimens.

It is probable that there is a threshold oestradiol level
above which the bone mass will begin to increase.
Conversely. there is also likely to be a saturation oestradiol
level at which the oestrogen receptors on bone respond
maximally and above which the bone mass will not rise
further. This hypothesis could only be confirmed by a

larger long term study.
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