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Sunnnary - -Os teoporos i s  is a growing disease, and  a t ten t ion  should be directed to possible 
means of preventing and treating this disease. Osteoporosis may be caused by a 
number of diseases (secondary osteoporosis), but it most often occurs in otherwise healthy 
persons. The major risk factors are a low bone mass at skeletal maturity, and a rapid 
bone loss. 

Postmenopausal bone loss may be prevented by hormone replacement therapy. All types 
of oestrogens and all administration forms are effective, as long as a sufficient serum 
concentration is obtained. 

The greatest benefit of hormone replacement therapy is obtained if instituted right after the 
menopause, when the bone loss is most rapid. But oestrogen will also arrest the bone loss when 
instituted much later in life. 

INTRODUCTION PRIMARY AND SECONDARY OSTEOPOROSIS 

Osteoporosis is a growing problem with over- 
whelming personal expenses. Furthermore, the 
cost to society wil l  soon reach a level where 
the question is how this expense should be 
covered. Osteoporosis means low bone mass. It 
does not give any symptoms until the compli- 
cations appear, i.e. bone fracture. The most 
characteristic osteoporotic fractures are the hip 
fracture, the spinal crush fracture and the fore- 
arm fracture. Osteoporotic fractures cause dis- 
ability, pain, hospitalization, dependency and 
death. 

Osteoporosis is more common in the elderly 
population and especially in women. It 
represents a major health problem. It is 
estimated that as many as 25 million American 
people, including 1 in 2-3 postmenopausal 
women, and virtually all very old people have 
sufficiently low bone mass to be at high risk of 
fracture. 

Amplifying the tragedy of osteoporosis is 
the expansion of the most susceptible of the 
population, the aged, and an as yet unexplained 
increase in the age-adjusted incidence of hip 
fracture. It is evident that attention must be 
directed to possible means of  preventing and 
treating this disease. 

Proceedings of the )(IV Meeting of the International 
Study Group for Steroid Hormones, Rome, Italy, 
30 November-2 December 1989. 

Osteoporosis may be the result of  a number 
of diseases or conditions known to influence the 
calcium metabolism (secondary osteoporosis), 
but occurs more commonly without a known 
underlying disease (primary osteoporosis). The 
pathogenesis of primary osteoporosis is thus 
obscure. Major determining factors are a low 
peak bone mass and/or a rapid bone loss. 

PEAK BONE MASS 

Peak bone mass is probably mostly deter- 
mined by genetic factors [1], but environmental 
factors, such as diet [2] and exercise [3], may also 
play a role. Men have on the average a 20% 
higher peak bone mass than women [4]. 

BONE LOSS 

It is generally believed that both men and 
women start to lose bone mass some time after 
peak bone mass has been reached [4-6]. This 
loss is small (3-5% per decade) and has been 
compared with the age-related loss of other 
functions, such as muscle mass [4]. Compared 
with muscle mass, men and women have the 
same peak bone mass; men do not lose more 
bone mass than muscle mass. In men this slow 
bone loss continues throughout life. The patho- 
genesis of  the age-related bone loss is not 
clarified, and both genetic and environmental 
factors may play a role. 
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Fig. I. Bone loss in two healthy postmenopausal women 
over 2yr. (Copyright C. Christiansen, used with per- 

mission). 

Whereas bone is lost at the same rate in men 
throughout life, in women it is accelerated in the 
years around the menopause[5-8]. The post- 
menopausal bone loss is independent of the 
age-related loss of  muscle mass. All women are 
exposed to this accelerated bone loss, but the 
individual variation is wide (Fig. 1)[9]. On 
average, postmenopausal women lose approx. 
2% of  their bone mass a year, but more than a 
quarter of all postmenopausal women lose 
above 3% a year. The postmenopausal bone 
loss follows an exponential curve, and will thus 
level off after about 8 yr [6, 10]. The patho- 
genesis of  the postmenopausal bone loss is still 
not understood, although its close relation to 
female sex hormones is widely established. Re- 
cent studies have furthermore suggested that 
estrogens have a direct action on bone via 
estrogen receptors [11, !2]. 

The difference in peak bone mass and bone 
loss between men and women explains why 
osteoporosis is much more common in women 
than in men. The individual variation in the 
postmenopausal bone loss may further explain 
why some, but not all women develop 
osteoporosis. 

T H E  E S T R O G E N  A C T I O N  O N  B O N E  

Postmenopausal bone loss is mainly estrogen- 
dependent and is prevented completely by estro- 
gen substitutional therapy [13, 14]. It is possible 
that postmenopausal bone loss may be aggra- 
vated by the same factors that may influence 
age-related bone loss, but correction of these 
factors will only affect the bone loss to a limited 
extent. 

All conditions of  estrogen deprivation result 
in loss of  bone, i.e. natural or surgical 

menopause, drugs that inhibit the estrogen 
production/effect (LH-RH antagonists, anti- 
estrogens), or heavy exercise, or other con- 
ditions which provoke anovulation. The 
withdrawal of estrogen primarily affects the 
bone resorption, as shown by a rapid increase in 
the biochemical estimates of bone resorp- 
tion I15]. Owing to the coupling of bone resorp- 
tion and formation, bone formation will show 
a secondary increase, reflected by a delayed 
elevation in the biochemical estimates of bone 
formation [15]. 

It is self-evident that all kinds of  bone loss 
are the result of  an imbalance between bone 
resorption and bone formation, which implies 
that, in the case of  postmenopausal bone loss, 
bone resorption is increased more than bone 
formation. The differences between the two 
processes seems to be greatest in the first few 
years after the menopause (where bone loss is 
largest), whereas in the long-term it moves 
towards a new steady-state at a higher level. 

Postmenopausal estrogen therapy rapidly 
normalizes both the bone resorption and the 
formation, leading to a re-establishment of  bone 
balance [16, 17]. 

The mechanism behind the estrogen action 
on bone is, as mentioned, unknown, but 
recent studies indicate that the effect is mediated 
via estrogen receptors located in osteo- 
blasts [11, 12]. 

It is clear that all types of estrogen (synthetic, 
conjugated, human) prevent estrogen-depen- 
dent bone loss, if they are given in adequate 
doses [18-20]. In postmenopausal women, con- 
jugated or human estrogen seems to be most 
appropriate, because they may produce less 
metabolic side effects. Human estrogens have 
furthermore been shown to be effective when 
given percutaneously[17] (Fig. 2) or by other 
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Fig. 2. The effect on bone mineral content in the distal 
(BMCprox) and ultradistal (BMCdi,t) parts of the forearm, 
the spine(BMD,pi,,), and total body bone mineral (TBBM) 
after 2 yr of treatment with percutaneous estradiol. (Copy- 

right C. Christiansen, used with permission). 
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parenteral routes[21, 22], provided the serum 
concentration of estradiol is sufficient. The 
greatest benefit of  estrogen therapy is obtained 
if it is instituted just after the menopause, when 
the bone loss is most rapid. But estrogen 
therapy will arrest the bone loss at whatever 
time of  life it is instituted [23]. 

It is generally agreed that when oestrogen 
therapy is stopped the consequent bone loss will 
follow a curve similar to what it would have 
been had estrogen therapy never been instituted, 
i.e. the estrogen effect is life-long [13]. 

REFERENCES 

1. Johnston Jr C. C., Hui S. L. and Christian J. C.: Some 
determinants of peak bone mass and subsequent 
rates of bone loss. In Copenhagen Int. Syrup. on Os- 
teoporosis, Copenhagen, (Edited by C. Christiansen et 
al.). Aalborg Stiftsbogtrykker, Aalborg, Vol. l (1984) 
pp. 263-268. 

2. Heany R. P.: Nutritional factors and estrogen in age-re- 
lated bone loss. Clin. Invest. Med. 5 (1982), 147-155. 

3. Drinkwater B. L.: Maximizing bone mass in the pre- 
menopausal years: Positive and negative factors. In 
Int. Syrup. on Osteoporosis, Aalborg (Edited by C. 
Christiansen et al.). Osteopress Aps., Copenhagen, Vol. 
l (1987) pp. 484-488. 

4. Thomsen K., Gotfredsen A. and Christiansen C.: Is 
postmenopausal bone loss an age-related phenomenon? 
Calc. Tiss. Int. 39 (1986) 123-127. 

5. Krglner B. and Pots Nielsen S.: Bone mineral content 
of the lumbar spine in normal and osteoporitic women: 
cross-sectional and longitudinal studies. Clin. Sci. 62 
0982) 329-336. 

6. Geusens P., Dequeker J., Verstraeten A. and Nijs J.: 
Age-, sex-, and menopause-related changes of vertebral 
and peripheral bone: population study using dual and 
single photon absorptiometry and radiogrammetry. 
J. Nucl. Med. 27 (1986) 1540-1549. 

7. Nilas L. and Christiansen C.: Bone mass and its re- 
lationship to age and the menopause. J. Clin. Endocr. 
Metab. 65 (1987) 697-702. 

8. Hui S. L., Slemenda C. W., Johnston C. C. and 
Appledorn C. R.: Effects of age and menopause on 
vertebral bone density. Bone Miner. 2 (1987) 141-146. 

9. Christiansen C., Riis B. J. and Rgdbro P,: Prediction of 
rapid bone loss in postmenopausal women. Lancet i 
0987) 1105-1108. 

10. Johnston Jr C. C., Norton Jr J. A., Khairi R. A. and 
Longcope C.: Age-related bone loss. Osteoporosis II 
(Edited by X. Barzel). Griine & Stratton, New York 
(1979). pp. 91-100. 

11. Ernst M., Schmid C. H. and Froesch E. R.: 17//- 
estradiol stimulated proliferation and type I procollogen 
gene expression in primary osteoblasts. In Int. Syrup. 
on Osteoporosis, Aalborg (Edited by C. Christiansen 
et al.). Osteopress, Aps., Copenhagen, Vol. l 0987) 
pp. 198-201. 

12. Eriksen E. F., Berg N. J., Graham M. L., Colvard D. S., 
Mann K. G., Spelsberg T. C. and Riggs B. L.: Multiple 
sex steroids receptors in cultured human osteoblast- 
like cell. In International Symposium on Osteoporosis, 
Aalborg (1987) Abstr. 67. 

13. Christiansen C., Christensen M. S., Transbol I.: Bone 
mass in postmenopausal women after withdrawal of 
oestrogen/gestagen replacement therapy. Lancet i (1981 ) 
459-461. 

14. Lindsay R., Aitken J. M., Anderson J. B., Hart 
D. M. M., MacDonald E. B. and Clarke A. C.: Long- 
term prevention of postmenopausal osteoporosis by 
oestrogen. Lancet i (1976) 1038-1040. 

15. Christiansen C., Rodbro P. and Tjellesen L.: Serum 
alkaline phosphatase during hormone treatment in early 
postmenopausal women. Acta Med. Scand. 216 0984) 
ll-17. 

16. Christiansen C., Christensen M. S., McNair P., Hagen 
C., Stocklund K.-E. and Transbgl I.: Prevention ofearly 
postmenopausal bone loss: controlled 2-year study in 
315 normal females. Eur. J. Clin. Invest. 10 0980) 
273-279. 

17. Riis B. J., Thomsen K., Strata V. and Christiansen C.: 
The effect of percutaneous estradiol and natural 
progesterone on postmenopausal loss. Am. J. Obstet. 
Gynec. 156 (1987) 61-65. 

18. Christensen M. S., Hagen C., Christiansen C. 
and Transbol I.: Dose-response evaluation of cyclic 
estrogen/gestrogen in postmenopausal women: placebo- 
controlled trial of its gynecologic and metabolic actions. 
Am. J. Obstet. Gynec. 144 (1982) 873-879. 

19. Horsman A., Jones M., Francis R. and Nordin C.: The 
effect of estrogen dose on postmenopausal bone loss. 
New Engl. J. Med. 309 (1983) 1405-1407. 

21. Farish E., Hart D. M., Jackanicz T. M., Bardin C. W. 
and Lindsay R.: Hormone replacement therapy by 
vaginal ring pessaries: effects on biochemical indices 
of bone metabolism. In Copenhagen Int. Syrup. on 
Osteoporosis, Aalborg (Edited by C. Christiansen et al.). 
Aalborg Stiftsbogtrykkeri, Aalborg. Vol. 2 (1984) 
pp. 617-619. 

22. Barlow D. H. and Hard D. M.: Prevention of post- 
menopausal bone mineral loss by implants of estradiol 
and testosterone. In Copenhagen Int. Syrup. on Os- 
teoporosis, Copenhagen (Edited by C. Christiansen 
et al.). Aalborg Stiftsbogtrykkeri, Aalborg. Vol. 2 
(1984) pp. 673-675. 

23. Jensen G. F., Christiansen C. and Transbol I.: Treat- 
ment of postmenopausal osteoporosis. A controlled 
therapeutic trial comparing oestrogen/gestagen, 1,25- 
dihydroxyvitamin D 3 and calcium. Clin. Endocr. 16 
(1982) 515-524. 


