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The relationship between plasma estradiol and the increase in 
bone density in postmenopausal women after treatment willi 
subcutaneous hormone implants 

J. Studd," M. Savv .. ,. N. Waston," T. Garnett: I. Fogelman,~ and D. Cooper" 

London, England 

Twenty-three postmenopausal women with a median of 2 years past menopause (range, 1 to 12 years) 
and a median age of 52 years (range, 39 to 62 years) were recruited to participate In a longitudinal study 
designed to Investigate the factors that influence the Increase In bone density with subcutaneous estradiol 
and testosterone Implants. All women received 75 mg of estradiol with 100 mg testosterone 
subcutaneously. Bone density was measurad at the spine and hlp by dual-photon absorptiometry before 
therapy and after 1 year of subcutaneous hormonal therapy. The mean pratreatment bone density at the 
lumber vertebrae and neck of the femur was 0.84 grams of hydroxyapatite per squara centlmer (SO, 0.11) 
and 0.73 grams of hydroxyapatite per squara centimeter (SO, 0.10), respectively. The bone density at both 
sites Increased with values of 0.91 grams of hydroxyapatite per squara centimeter (SO, 0.11) and 0.75 
grams of hydroxyapatite per square centimeter (SO, 0.11), respectively. These values represent an 
Increase of 8.3% (p < 0.0001) at the spine and 2.8% (p < 0.01) at the neck of the femur. The plasma 
estradiol level Incressed from a median of 80.5 pmollL to 453 pmol /L (p < 0.001). The percentage 
Incraaae of vertebral bone density was not related to age, number of years past the menopause, 
pretraatment bone density, or serum testosterone levels, but a slgnlficent correlation was found between 
the percentage Increase In bone density at the spine and the serum estradiol level (p <0.02, r '" 0.45). 
(AM J OSSTET GVNECOL 1990;163:1474-9.) 
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After Albright'S· observation that estrogen therapy 
can reduce urinary calcium excretion in postmeno
pausal women a number of prospective studies con
firmed the values of estrogen replacement therapy in 
the prevention of postmenopausal osteoporosis.'''' Ep
idemiologic studiest'·· also showed a reduction in 
the incidence of osteoporotic fractures with such 
therapy. 

Most studies used oral estrogen therapy, which al
though effective in the suppression of climacteric symp
toms usually results in plasma estradiol and follicle
stimulating hormone (FSH) levels that are still in the 
postmenopausal range.' Although it has been claimed 
that the minimum dose of oral estrogen required to 
prevent postmenopausal osteoporosis is 0.625 mg con
jugated equine estrogen' the optimal dose and route 

From tJUJ Dulwich HospillJl Mmopawe Clinic, Dulwich Hospital and 
Fertility and Endocrine CnUre, Lister HoSPiliJl," tItt Dtpartment of 
Nuclear Medicine, Guy's HOSPiliJl,b and tItt Compuur Unit, King's 
Collep School of Medicine and Dentistry.' 
Rectiutd for publication March 26, 1990; revised July 16, 1990; 
accepted July 2J, 1990. 
Repri1" nquats.' John Studd, MD, Dulwich HosPillJl, East Dulwich 
Grove, London, England SE 22 8PT. 
611124109 

1474 

of estrogen necessary to achieve an increase in boDe 
density is not known. 

The percutaneous route of administration avoKli the 
enterohepatic circulation and is associated with p-liysi
ologic plasma levels of estradiol and estrone. 'f.tiis lil in 
contrast to the low levels of estradiol and high levCIs of 
estrone found after oral therapy with both conjugl!ted 
equine estrogens or estradiol valerate. 8.10 Subcutaneous 
implants of estradiol and testosterone are effective in 
the alleviation of climacteric symptoms," and a cross
sectional study" showed an apparent superiority of<im
plant therapy over oral therapy in the therapeutic effect 
on bone density. The suggestion was made in this study 
that the greater bone density after implant therapy was 
a result of the greater plasma estradiol levels achieved 
with this route when compared with oral estrOgeII 

therapy. 
We present the results of a prospective study of es

tradiol and testosterone implants on the bone densitY 
and plasma hormone levels in postmenopausal women 
over 1 year of therapy. 

Patlente and methode 

A total of 23 postmenopausal women with a med@ll 
age of 52 yean (range, !l9 to 62) were recruited intD 



ease in 
: with 

crease in bone 

ltion avoiClilthe 
ted with pbysi
rone. This is in 
d high levels of 
oth conjugated 
~ Subcutaneous 

ve study of< C5' 

e bone density 
JpausaiwomeP 

with a medilm 
recruited into 

Vo!Ullle 163 
NUJllber 5. Part I 

Relationship between plasma estradiol and bone density 1475 

Table L Mean values of bone density at lumbar spine and neck of femur, body weight, blood pressure, 
and plasma hormone values before therapy and after 1 year of estradiol and testosterone implants = Trelltmmt I Pretreatment I 1 Y tllr IIfttT /rell/men/ 

Mean bone density at 
spine gHa{cml (SO) 

Mean bone density at 
femur gHa/cml (SO) 

FSH (lUl L) 

0.84 (0.11) 

0.73 (0.10) 

0.91 (0.11)* 

0.75 (O.II)t 

median (range) 
Estradiol (pmoIlL) 

median (range) 
Testosterone (nmoIlL) 

median (range) 
Mean weight in kg (SO) 
Mean blood presure 

(mm Hg) (SO) 

71 (28-100) 

80.5 (30-580) 

0.6 (0.3-1.8) 

67.3 (7.7) 

12 (1-62)* 

453 (204-883)* 

0.9 (0.4-2.4)1 

66.7 (7.0) 
120 (37)173 (12) 125 (21)175 (13) 

*~ '" 0.0001, Student's paired / test. 
t~ <: om, Student's paired / test. 
*~ < 0.00 1, Wilcoxon matched-pair signed-rank test. 
I~ < 0.01, Wilcoxon matched-pair signed-rank test. 

this prospective study. The median number of years 
~.the menopause was 2 (range, 1 to 12). Menopausal 
status was defined as amenorrhea > 1 year's duration 
with a ICrum FSH level >20 IU IL. 

All women received hormone replacement therapy 
by subcutaneous implants of 75 mg estradiol and 100 
mg testosterone. A further implant of the same dose 
of. estradiol and testosterone was given after 6 months 
and again at 1 year. 

Assays of FSH, estradiol, and testosterone were per
formed before treatment and at 1 year. The bone den
sity was estimated in the spine of L2-4 and in the 
neck of the right femur with a Novo 22A BMC-LAB 
with gadolinium 153 as the source of radiation. The 
absorptiometer was standardized with a solution ra
CIiologillaUy equivalent to hydroxyapatite, and the re
sults were expressed as grams of hydroxyapatite per 
unit projected area· of bone in square centimeters 
(gHa/anl

). The precision of the machine with the use 
of, llie phantom Was 0.69% and short-term precision 
for nOl'mal su~jects was 2.04%. Measurements were 
made before ihse~on of the hormone implant and at 
12 months after therapy within 1 week of the insertion 
of the third implant. 

Statistical analysis. The bone density values before' 
an~ after t~eatmer:lt approximated to a normal Clistri
lJutibn and the increase was therefore ~~yzed with 
the paired Student t test. The 'tiormon~ parameters 
coula not ?e regarded as normally distributed and the 
~ges were analyzed with 'the Wilcoxon matched
~ signed~ratik test. The Spearman correlation co
ef1icient ',Yas calculated to express the relationship be-

tween the changes in bone density and the serum es
tradiol levels, serum testosterone levels, age, number 
of years past the menopause, and pretreatment bone 
density. 

Results 

Of the 23 patients studied 22 patients showed an 
increase in the bone density after 1 year of therapy 
(Table I). The mean bone density at the lumbar spine 
before therapy was 0.84 gHA/an' (SD 0.11), which 
increased to 0.91 gHA/cm' (SD, 0.11) after 1 year 
(P < 0.0001). The value for the proximal femur was 
0.73 gHA/an' (SD, 0.10), which increased to 0.75 
gHA/cml (SD, 0.11, P < 0.01). The mean increase in 
the lumbar spine was 0.07 gHa/cm' (95% confidence 
interval, 0.06 to 0.08 gHa/cm'). The mean increase at 
the femur was 0.02 gHa/cm' (95% confidence interval, 
0.01 to 0.04 gHa/cm2

). These values represent a mean 
increase in the bone density of 8.3% at the spine and 
2.8% at the neck of the femur after 1 year. 

The median serum FSH level before therapy was 
71 lUlL (range. 28 to 100 lUlL) with a median se
rum estradiol level of 80.5 pmol/L (range, 30 to 580 
pmol/L) and a serum testosterone level of 0.6 nmol/L 
(range, 0.3 to 1.8). After 1 year of therapy the serum 
FSH level significantly reduced to 12 lUlL (range, 1 
to 62; p < 0.001), the serum estradiolleve1 increased 
to 453 pmol/L (range, 204 to 883; P < 0.001), and the 
serum testosterone level increased to 0.9 nmol/L 
(range, 0.4 to 2.4; p < 0.01). 

A significant correlation was found between the per
centage increase of vertebral bone density and the 
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Fig. 1. Correlation between percentage increase in venebral bone density with plasma estradiol levels 
after I year of therapy with estradiol and testosterone implants. 
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Fig. 2. Effect of pretreatment bone density on percentage increase in bone density with estradiol 
and testosterone implants. 

plasma estradiol levels achieved after I year of ther
apy(Fig. I, r = 0.45; p < 0.02). There was no signifi
cant correlation between the increase in bone density 
arid the initial bone density (Fig. 2), age (Fig. 3), the 
number of years past the menopause (Fig. 4), and the 
serum testosterone level (Fig. 5). 

Comment 
These data show an increase of 8.3% in the bone 

density at the spine and 2.8% at the hip after 1 year of 
therapy with subcutaneous estradiol and testosterone 
implants. Evidence from our cross-sectional study with 
the use of the same method of bone densitometry re
porting the vertebral bone density of 1.02 gHal cmt and 
proximal femur values of 0.80 gHa/cm2 after 8 years 
of such therapy'2 strongly suggest that this increase is 
not transient and will be maintained over the years. 

Christiansen et aI. IS reported that the use of a com
bined preparation of oral estradiol, estriol, and nor· 
ethindrone within 3 years of menopause resulted in an 
increase in bone density of 3% after 3 years of therapy. 
Lindsay et aI. \I (1984) found an increase of 2% to 4 
over 5 years when mestranol 25 ).Lg was prescribeCI 
within 3 years of menopause but this dose only maiJI,. 
tained bone density if it was started more than 3 years 
after menopause. More recently Munk-Jensen et ail 
reported an increase of6.4% in the vertebral bOnede:n
sity of women treated within 2 years of menopawe wiJ!I 
continuous oral estradiol and norethindrone for 1 year. 
None of these authors reported the estradiollevelsl~ 
tained with the therapy. In our study we were atile: to 

show an increase in bone mass even 10 years afttr 
menopause. This increase was the same as founa in the 
younger postmenopausal woman and was also inlle:-
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Fig. 5. Effect of age on percentage increase in bone density with estradiol and testosterone implants. 
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Fig. 4. Effect of number of yean past menopause on percentage increase in bone density with 
estradiol and testo~te' .ne implants. 

eendent of the initial bone density. The correlation 
between the percentage increase in bone density and 
ibe serum estradiol levels supportS the hypothesis that 
illegreater effectiveness of this mode of therapy may 
lie a result of the higher serum estradiol levels achieved. 
Oral estrogen therapy is associated with lower estradiol 
belS and a less good skeletal response. I~ 

l'lie importance of the testosterone component of 
ihe treatment is unknown but there was no correlation 
III diU study between plasma testosterone levels and the 
lIIcrease in bone density. Barlow et a1. IO could not show 
that the addition of testosterone to estrogen therapy 
l!II}lJoved bone density. However there is some evi
~e that adrenal androgens may have a role in main
taining the bone mass in postmenopausal women in the 
SlUdy of postmenopausal women with treated Addi-
1C!Il1s disease.17 It is thus possible that the anabolic ef-

fects of testosterone on the skeleton may partly explain 
these results and this component of the therapy is sub
ject to further investigation . 

The increase in bone density was greater in the spine 
than that at the neck of the femur because the more 
active trabecular bone predominates in the vertebra. I. 
There are several models that show such substantial 
reversal of bone loss. particularly in the vertebra. Trea
sure et a1. IV showed in a cross-sectional study that the 
bone loss of anorexia nervosa is reversed when men
struation returns. Greenspan"" showed that the osteo
porosis of hyperprolactinemic men with hypogondism 
recovers when the hyperprolactinemia is treated. Matta 
et a1. (1988)21 reported that the 5.9% loss of bone den
sity after the use of buserelin for 6 months is reversed 
when it is discontinued. These conditions are all char
acterized by hypogonadism and the studies indicate 
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Fig. 5. Effect of serum testosterone after I year of therapy on percentage increase in bone density 
at spine. 

that bone can be replaced in both men and women 
when plasma sex hormones return to normal physio
logic levels. 

The current recommended oral dosage of estrogens 
will suppress menopausal symptoms and prevent fur
ther bone loss but the serum estradiol and FSH levels 
achieved often remain in the postmenopausal range.'2 
The dosage of orally administered estrogen may be 
limited by gastrointestinal symptoms and the liver im
pact on estrogen metabolism. It is probable that the 
safest way to achieve serum estradiol levels adequate to 
produce significant increases in bone mass is by the 
percutaneous route with either transdermal patches or 
subcutaneous implants. 

The mechanism by which estrogen deficiency causes 
loss of bone remains unclear but the original Albright 
hypothesis of an association with a generalized loss of 
collagen including the collagenous matrix of the bone 
and the collagen of the skin is relevant. The substantial 
increase in vertebral spine density shown in this study 
can be compared with the 30% increase in skin collagen 
and a 25% increase in skin thickness that occurs in 
postmenopausal women who receive percutaneous es
tradiol therapy." Only serial histomorphometric stud
ies of bone biopsy specimens in these patients will reveal 
whether the estrogen-promoted changes in skin colla
gen are reproduced in the collagenous matrix of post
menopausal women. 

It is reassuring from this study that estradiol and 
testosterone implants may not only prevent osteopo
rosis but will also be valuable in the older woman who 
might believe that it is too late to commence estrogen 
therapy. This therapy is also appropriate for the youn
ger woman with premature ovarian failure who has 
already suffered substantial bone los5. 

We gratefully acknowledge the assistance of DerecJ( 
Lowe, medical statistician, King's College Hospital, with 
the statistical analysis. 
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