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CALCITONIN, ESTROGENS AND THE BONE 
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Summary--Estrogen deficiency following natural or surgical menopause, is thought to be the 
main factor leading to postmenopausal bone loss. Furthermore, after estrogen failure a 
significant reduction of intestinal calcium absorption and a negativization of calcium balance 
has been observed. The mechanism of estrogen effect on skeletal tissue is not yet fully 
elucidated. Recently, specific receptors for estrogens in osteoblastic cells have been described; 
however their low density does not give a full explanation about their functional role. 
Therefore estrogens act, at least in part, indirectly through calciotropic hormones. In order 
to further elucidate this issue, we performed some studies in postmenopausal osteoporotic 
patients and in fertile oophorectomized women. In the first double blind placebo controlled 
study, after a 1-yr estrogen treatment period we observed an increase in bone mineral content 
in the hormone-treated patients. Furthermore, in all treated patients an improvement of 
intestinal calcium absorption was detected, while 1,25-dihydroxy-vitamin D serum levels did 
not show significant changes. To further analyse the relationship between estrogens (E) and 
calcitonin (CT) in postmenopausal osteoporosis, we performed a double blind placebo 
controlled study to evaluate the effects of l-yr estro-progestative treatment on CT secretory 
reserve, evaluated by calcium infusion test. Blood levels of CT showed a progressive increase 
during the study period in the hormone-treated group, with a significant increase in the CT 
response to calcium stimulation test, suggesting a modulation of CT secretion by E. Recently, 
we performed two studies in fertile oophorectomized women. In the first, we followed 
longitudinally 24 fertile women for 1 yr. In these patients we measured, before and after 
oophorectomy, biochemical indexes of bone metabolism and bone mass. During the obser- 
vation period a significant increase in bone resorption and a significant drop in intestinal 
calcium absorption was observed. In the second study, performed on 14 women before and 
6 months after oophorectomy, a treatment with conjugated estrogens allowed the correction 
of the primary intestinal defect responsible for the reduced calcium absorption. 

In conclusion, cumulative results of our studies suggest that: (a) estrogen deficiency 
represents the main pathogenetic factor in postmenopausal osteoporosis; (b) estrogen replace- 
ment therapy is effective in the prevention of rapid bone loss that occurs after menopause; (c) 
estrogens regulate CT secretion in postmenopausal women, so that CT may be considered a 
mediator of estrogen action on bone; (d) oophorectomy causes and early increase of bone 
resorption, and a later increase of bone formation; (e) oophorectomy causes a precocious 
impairment of intestinal calcium absorption, independent of vitamin D metabolism; (f) 
calcium malabsorption appears to be "resistant" to the action of vitamin D metabolites; and 
(g) in oophorectomized patients estrogen treatment protects both bone and intestine. 

It is well known that involutional osteoporosis 
has a multifactoriai pathogenesis. Since loss of  
ovarian function, both natural and surgical, is 
followed by an enhanced bone loss, it is postu- 
lated that estrogen deficiency is the main patho- 
genetic factor for postmenopausal  bone loss. In 
fact, after estrogen failure a significant re- 
duction of intestinal calcium absorption and 
a negativization of calcium balance has been 
observed [1, 2]. 
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The causal role of  estrogen lack is demon- 
strated by the finding of a higher incidence of 
vertebral crush fractures in women compared to 
age-matched men and by the rapid and in- 
creased loss of  trabecular bone characteristic of  
the first years following menopause and 
oophorectomy [3, 4]. On the other hand, estro- 
gen replacement therapy is effective in the pre- 
vention of the rapid bone loss that occurs after 
natural and surgical menopause [5-9]. The 
mechanism of  estrogen effect on skeletal tissue 
is still far from being elucidated. Recently 
specific receptors for estrogens in osteoblastic 
cells have been described by two groups [10, 11], 
however their low density raises some questions 
about  their physiological and functional role. 
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Therefore, the hypothesis that estrogens act 
on bone, at least in part, indirectly still holds 
true. With regard to the indirect effect, two 
hypotheses have been postulated: (1) increase 
of 1,25-dihydroxyvitamin D 3 plasma levels; 
(2) increased secretion of calcitonin, the hor- 
mone that inhibits osteoclastic bone resorption. 

A malabsorption of calcium has been 
frequently documented in postmenopausai 
osteoporotic patients. Nevertheless, the 
measurements of circulating levels of vitamin D 
metabolites in these patients have given conflict- 
ing results, in some reports they have been 
found to be low [12], but more frequently they 
are normal [13, 14]. 

Recently we have conducted a double blind 
placebo controlled study in order to assess the 
effect of 1 yr estrogen therapy on bone mass, 
intestinal calcium absorption and vitamin D 
metabolism in postmenopausal osteoporotic 
patients. We observed an increase in bone min- 
eral content (BMC), measured by dual photon 
absorptiometry, both in the lumbar spine and in 
the femoral shaft, although the changes were 
more evident at the former site, predominantly 
composed by trabecular bone. Biochemical esti- 
mates of bone metabolism showed a decrease in 
urinary hydroxyproline/creatinine ratio and 
serum osteocalcin. In all treated patients an 
improvement of intestinal calcium absorption, 
measured by the 47Ca oral test, was detected, 
while 1,25(OH)2 D showed a slight increase [15]. 
This study demonstrates that 1 yr treatment 
with estrogen improves BMC in post- 
menopausal osteoporotic patients and that vita- 
min D metabolites do not seem to play an 
important role in the mediation of estrogen 
action on bone. The slight increase of 
1,25(OH)2D levels observed after l yr treat- 
ment, apparently explains the positive effect of 
the hormonal therapy on calcium absorption. 
However, the estrogen-induced rise of 
1,25(OH)2D plasma levels has been found to be 
due to an increase of serum vitamin D binding 
protein (DBP), so that the free 1,25(OH)2D is 
unchanged by the hormonal therapy in post- 
menopausal osteoporosis (PMO) [16, 17]. 
Therefore, the increase of 1,25(OH):D observed 
in our patients probably reflects only the effect 
of estrogens on DBP rather than a real action 
on vitamin D metabolism. 

As it concerns the second hypothesis on the 
indirect effect of estrogen action on bone tissue, 
some authors have proposed calcitonin (CT) as 
a mediator of this effect. Clinical studies demon- 

strate that basal levels of CT decrease with age 
and appear to be lower in women than in men 
[18, 19] and lower still in postmenopausal 
women [20, 21]. Furthermore, a significant fall 
in CT levels follows surgical menopause [22, 23]; 
and estrogen treatment increases CT secretion 
in postmenopausal women [15,24]. However, 
other investigators found no differences in CT 
levels between normal and osteoporotic women 
[25-27], and no effect of estrogen-progesterone 
treatment on the hormone plasma levels was 
observed in oophorectomized women [28]. To 
further analyse the interrelationship between 
estrogens and CT in PMO, we performed a 
double blind placebo controlled study to evalu- 
ate the effects of 1 yr estroprogestatives treat- 
ment on CT secretory reserve, evaluated by 
calcium infusion test, in postmenopausal 
women. A progressive and significant increase 
of BMC of the lumbar spine was observed in the 
hormones treated women, whereas the placebo 
treated group continued to lose a significant 
amount of bone mineral. Blood levels of CT 
showed a progressive increase during the study 
period in the hormone-treated group, reaching 
a plateau after nine months (Fig. 1). Hormonal 
therapy also significantly improved the CT 
response to calcium stimulation test (Fig. 2). 
This study suggests that estrogens regulate CT 
secretion in postmenopausal women; thus CT 
may be considered a mediator of estrogen 
action on bone. Recently, Reginster et al. [29] 
measured the metabolic clearance rate and pro- 
duction rate of CT in pre- and postmenopausal 
women, including osteoporotics. In healthy 
postmenopausal women the production rates 
were reduced, albeit not significantly, whereas 
osteoporotic patients presented a highly signifi- 
cant reduction of calcitonin production rate. 
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Fig. I. Effect of 1 yr treatment with either estrogen- 
progesterone or placebo on basal serum calcitonin in post- 
menopausal osteoporotic women. Asterisks indicate a sig- 
nificant difference vs time 0 at 95% confidence limit 

(Scheffe's multiple range test). 
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Fig. 2. Serum calcitonin during a calcium infusion test in 
postmenopausal  osteoporotic women before (upper panel) 
and after (lower panel) the treatment period. Asterisks 
indicate a significant difference vs time 0 at  95% confi- 
dence limit (Scheffe's multiple range test). The effect of the 
treatments on serum calcitonin variance was assessed by 

two-factor ANOVA. 

Since there was a strong relationship between 
estrone circulating levels and CT production 
rates, calcitonin secretory capacity appears to be 
modulated by estrogens. 

The acute estrogen failure due to ovariectomy 
is known to induce a rapid phase of bone loss, 
which can be improved by estrogen replacement 
therapy [4, 5, 7]. The early effects of ovarian 
failure on bone remodeling have not yet been 
fully elucidated. 

To address this issue we have recently fol- 
lowed longitudinally for 24 fertile women (age 
28-52 yr) 1 yr who underwent the surgical re- 
moval of both ovaries [30]. In these patients we 
have measured before and after 10, 20, 30 days 
and 2, 6 and 12 months the serum levels of 
calcium, iPTH, iCT, 1,25(OH)2D3, osteocalcin 
and the urinary excretion of hydroxyproline. 
Furthermore, the intestinal calcium absorption 
was measured before and after 2, 6 and 12 
months by the 47Ca oral test. The BMC of the 
lumbar spine and femoral shaft was measured 
before and after 2, 6 and 12 months by dual 
photon absorptiometry. 

The serum calcium levels did not show signifi- 
cant changes, but a trend in increase was evident 
immediately after OOX. The circulating levels 
of the two main calciotropic hormones, the 
iPTH and the iCT, did not change significantly. 
The urinary hydroxyproline/creatinine ratio 
dramatically increased during the first 2 months, 
reaching a plateau maintained until the end of 
the study; on the other hand, the serum os- 
teocalcin levels showed a later and progressive 

significant increase until the end of the study. 
The intestinal radiocalcium absorption, ex- 
pressed as the circulating fraction of the ab- 
sorbed dose, was significantly depressed only 
after 1 month; the malabsorption of calcium 
also persisted after 2, 6 and 12 months. At the 
same time no significant variations of the main 
metabolite of vitamin D were detected. 

The BMC decreased both at lumbar spine and 
femoral diaphysis sites. The bone loss was more 
precocious and more evident at the trabecular 
bone level. 

The analysis of variance demonstrated that, 
beside the changes in the female hormones, the 
drop in calcium absorption and the increase in 
HOP were highly significant. 

These results are in keeping with similar 
findings reported in other recent studies [31, 32]. 

More recently, we have performed another 
study on 14 women before and after 6 months 
from ovariectomy. 

After operation, the patients were ran- 
domly assigned to a treatment with placebo or 
conjugated estrogens (Premarin, 0.625 rag/day). 
The intestinal calcium absorption was measured 
before and after 6 months, according to a 
double radiocalcium oral test: the first per- 
formed before and the second after 7 days 
of treatment with 1,25(OH)2D 3 (1 meg/day). 
The plasma levels of 1,25 were measured as well. 

With regard to the bone mineral density of 
lumbar spine, at the end of the study a signifi- 
cant decrease in placebo-treated subjects was 
documented; while no significant change was 
observed in estrogen-treated patients (Fig. 3). 
After 6 months, the basal intestinal absorp- 
tion of radiocalcium decreased significantly in 
placebo- but not in estrogen-treated patients. 
No significant changes in serum 1,25(OH)2D3 
were observed in placebo-treated patients, while 
a slight but significant increase was documented 
in estrogen-treated patients. 
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Fig. 3. Effects o f  l yr  t reatment  w i th  conjugated estrogens 
(E) or placebo (PL) on the bone mineral density of the 
lumbar spine in 14 ovariectomized. Asterisk indicates a 
significant difference (P < 0.05) vs time 0 (Student's paired 

t-test). (Values expressed as Mean + SEM). 
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Fig. 4. Intestinal absorption of radiocalcium and circulating 
levels of 1,25-dihydroxycholecalciferol in ovariectomized 
women treated for six months with conjugated estrogens 
(on the right) or placebo (on the left). A double radio- 
calcium oral test was performed before the operation and at 
the end of treatments in order to evaluate the stimulating 
effect of 7-days treatment with 1,25(OH)2D3 (1 mcg/day). 
The intestinal absorption of radiocalcium has been 
expressed as the circulating fraction of the absorbed dose 

(47Ca fx). 

The  1,25(OH)2D 3 test before  ova r i ec tomy 
p r o v o k e d  a significant increase in intest inal  
abso rp t ion  o f  r ad ioca lc ium in all pat ients .  

Af te r  6 months ,  at  the second 1,25 test, the 
increase in calc ium abso rp t i on  resulted signi- 
f icantly l awer  in p lacebo  g roup  when com-  
pa red  to es t rogen- t rea ted  women  (Fig.  4). The 
p la sma  levels o f  1,25(OH)2D 3 increased af ter  
1,25(OH)2D 3 admin i s t r a t ion  to the same extent  
before and after  6 mon ths  in bo th  groups.  

Our  da t a  suggest  tha t  es t rogens might  correct  
a p r imary  intest inal  defect  responsible  for  the 
reduced calc ium absorp t ion .  In  fact, a deficiency 
o f  1,25(OH)2D3 receptors  in the gut  has been 
shown in in v ivo and  in v i t ro  studies [33, 34]. 
Fu r the rmore ,  o ther  invest igators  showed,  in 
elderly women,  a resistance o f  calc ium malab -  
sorp t ion  to the ac t ion o f  v i tamin D metabol i t es  
[35], 

In conclus ion,  cumula t ive  results ob ta ined  in 
our  studies suggest that:  

- - E s t r o g e n  deficiency represents  the main  
pa thogene t ic  fac tor  in p o s t m e n o p a u s a l  
os teoporos is .  

- - E s t r o g e n  rep lacement  the rapy  is effective in 
the prevent ion  of  rap id  bone  loss that  
occurs  af ter  menopause .  

- - E s t r o g e n s  regulate  CT secret ion in post -  
menopausa l  women,  so that  CT may be 
considered a med ia to r  o f  es t rogen act ion 
on bone.  

- - O O X  causes an early increase o f  bone  
resorpt ion ,  and  a later  increase o f  bone  
format ion .  

- - O O X  causes a precocious  impa i rmen t  o f  
intest inal  calc ium absorp t ion ,  independen t  
o f  v i tamin D metabol i sm.  

- - C a l c i u m  m a l a b s o r p t i o n  appears  to be 
" res i s t an t "  to the ac t ion o f  v i tamin D 
metabol i tes .  

- - I n  O O X  pat ients  estrogen t rea tment  
protects  bo th  bone  and  intestine. 

R E F E R E N C E S  

I. Caniggia A., Gennari C., Borrello G., Bencini M., 
Cesari L,  Poggi C. and Escobar C.: Intestinal absorp- 
tion of calcium-47 after treatment with oral oestrogen- 
gestogens in senile osteoporosis. Br. Med. J. 4 (1970) 
30-32. 

2. Gallagher J. C., Riggs B. L. and De Luca H. F.: Effect 
of estrogen on calcium absorption and serum vitamin D 
metabolites in postmenopausal osteoporosis. J. Clin. 
Endocr. Metab. 51 (1980a) 1359-1364. 

3. Riggs B. L. and Melton L. J.: Evidence of two distinct 
syndromes of involutional osteoporosis. Am. J. Med. 75 
(1983) 899-901. 

4. Genant H. K., Cann E. C., Ettinger B. and Gordon 
C. S.: Quantitative computed tomography of vertebral 
spongiosa: a sensitive method for detecting early bone 
loss after oophorectomy. Ann. Intern. Med. 97 (1982) 
699-705. 

5. Lindsay R., Hart D. M., Forrest C. and Baird C.: 
Prevention of spinal osteoporosis in oophorectomized 
women. Lancet ii (1980) 1151-1154. 

6. Christiansen C., Christensen M. S., McNair P., Hagen 
C., Stockland K. E. and Transbol I.: Prevention of early 
postmenopausal bone loss: controlled two years study in 
315 normal females. Eur. J. Clin. Invest. l0 (1980) 
273-279. 

7. Lindsay R., Hart D. M., Aitken J. M., MacDonald 
E. B., Anderson J. B. and Clark A. C.: Long-term 
prevention of postmenopausal osteoporosis by estrogen. 
Evidence for an increased bone mass after delayed onset 
of estrogen treatment. Lancet i (1976) I038-1041. 

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

9. Ettinger B., Genant H. K. and Cann C. E.: Post- 
menopausal bone loss is prevented by treatment with 
low-dosage estrogens with calcium. Ann. Intern. Med. 
106 (1987) 40-45. 

10. Ericksen E. F., Colvard D. S., Berg N. J., Graham 
M. L., Mann K. G., Spelsberg T. C. and Riggs B. L.: 
Evidence of estrogen receptors in normal human osteo- 
blast-like cells. Science 241 (1988) 81-84. 

11. Kamm B. S., Terpening C. M., Benz D. J., Graeme 
K. A., Gallegos A., Korc M., Greene G. L., O'Malley 
B. W. and Haussler M. R.: Estrogen binding, receptor 
mRNA, and biologic response in osteoblast-like 
osteosarcoma cells. Science 241 (1988) 84-86. 



Calcitonin and estrogens 455 

12. Aloia G. F., Conn S. H., Vaswani A., Yeh 
J. K., Yuen K. and Ellis K.: Risk factors for 
postmenopausal osteoporosis. Am. J. Med. 78 (1985) 
95-100. 

13. Christiansen C. and Rodbro P.: Serum vitamin D 
metabolites in younger and elderly postmenopausal 
women. Calc. Tiss. Int. 36 (1984) 19-24. 

14. Nordin B. E. C., Peacock M., Crilly R. G. and 
Marshall D. H.: Calcium absorption and plasma 
1,25(OH)2D levels in postmenopausal osteoporosis. In 
Vitamin D. Basic Research and its Clinical Application 
(Edited by A. W. Norman, K. Schaefer, D. V. Herrath, 
H. G. Grigoleit, J. W. Coburn, H. F. DeLuca, E. B. 
Mawer and T. Suda). de Gruyter, Berlin (1979) 
pp. 89-106. 

15. Civitelli R., Agnusdei D., Nardi P., Zacchei F., Avioli 
L. V. and Gennari C.: Effects of one-year treatment with 
estrogens on bone mass, intestinal calcium absorption, 
and 25-hydroxyvitamin d-l-alfa hydroxylase reserve in 
postmenopausal osteoporosis. Calc. Tiss. Int. 42 (1988) 
77-86. 

16. Selby P. L., Peacock M., Barkworth S. A., Brown W. B. 
and Taylor G. A.: Early effects of ethinyloestradiol and 
norethisterone treatment in postmenopausal women on 
bone resorption and calcium regulating hormones. Clin. 
Sci. 69 (1985) 265-271. 

17. Crilly R. G., Marshall D. H., Horsman A., Nordin 
B. E. C. and Bouillon R.: l-alfa-hydroxy D3 with 
and without estrogen in the treatment of osteoporo- 
sis. In Osteoporosis: Recent Advances in Pathogen- 
esis and treatment (Edited by H. F. DeLuca, H. M. 
Frost, W. S. S. Jee, C. C. Johnston and A. N. 
Parfitt). University Park Press, Baltimore (1981) 
pp. 425-432. 

18. Heath H. III and Sizemore G.: Plasma calcitonin in 
normal man. J. Clin. Invest. 60 (1977) 1135-1140. 

19. Deftos L. J., Weisman M. H., Williams J. W., Karpf 
D. B., Frumar A. M., Davidson B. J., Parthemore J. G. 
and Judd H. L.: Influence of age and sex on plasma 
calcitonin in human beings. New Engl. J. Med. 302 
(1980) 1351-1353. 

20. Chesnut C. H., Baylink D. J., Sisom K., Nelp W. B. and 
Roos B. A.: Basal plasma immunoreactive calcitonin in 
postmenopausal osteoporosis. Metab. Clin. Exp. 29 
(1980) 559-562. 

21. Milhaud G., Benezech-Lefevre M. and Moukhtar M. S.: 
Deficiency of calcitonin in age-related osteoporoses. 
Biomedicine 29 (1978) 272-276. 

22. Whitehead M. I., Lance B., Horsman J., Myers C. H. 
and Stevenson J. C.: Effect of castration on calcium 
regulating hormones. In Osteoporosis 1 (Edited by C. 
Christiansen, C. D. Arnaud, B. E. C. Nordin, A. M. 
Parfitt, W. A. Peck and B. L. Riggs). Dept. of Clini- 
cal Chemistry, Glostrup Hospital, Denmark (1984) 
pp. 331-332. 

23. Isaia G. C., Mussetta M., Salamano G., Massobrio M., 
Gallo M. and Catufa S., Merlini C. and Molinatti 

G. M.: Influenza degli estrogeni sulla secrezione della 
calcitonina. Giorn. Ital. Met. Min. Elettr. 2 (1988) 
69-74. 

24. Morimoto S., Tsuji M., Okada Y., Onishi T. and 
Kumahara Y.: The effect of estrogens on human calci- 
tonin secretion after calcium infusion in elderly female 
subjects. Clin. Endocr. 13 (1980) 135-143. 

25. Leggate J., Farish E., Fletcher C. D., McIntosh W., 
Hart D. M. and Sommerville J. M.: Calcitonin and 
postmenopausal osteoporosis. Clin. Endocr. 20 (1982) 
85-92. 

26. Tiegs R. D., Body J. J., Wahner H. W., Barta J., Riggs 
B. L. and Heath H. III: Calcitonin secretion in post- 
menopausal osteoporosis. New Engl J. Med. 312 (1985) 
I097 1100. 

27. Prince R. L., Dick I. M. and Price R. I.: Plasma 
calcitonin levels are not lower than normal in 
osteoporotic women. J. Clin. Endocr. Metab. 68 (1989) 
684-687. 

28. Lobo R. A., Roy S., Shoupe D., Endres D. B., Adams 
J. S., Rude R. K. and Singer F. R.: Estrogen and 
progestin effects on urinary calcium and calciotropic 
hormones in surgically induced postmenopausal 
women. Horm. Metab. Res. 17 (1985) 370-373. 

29. Reginster J. Y., Deroisy R., Albert A., Denis D., Lecart 
M. P., Collette J. and Franchimont P.: Relationship 
between whole plasma calcitonin levels, calcitonin 
secretory capacity, and plasma levels of estrone in 
healthy women and postmenopausal osteoporotics. J. 
Clin. Invest. 83 (1989) 1073-1077. 

30. Gennari C.: Unpublished data. 
31. Nuti R., Turchetti V., Ricci M. G., Danero S., Martini 

G., Righi G. and Galli M.: Early and late effects 
of oophorectomy on calcium metabolism in humans. 
In Osteoporosis 1987 (Edited by C. Christiansen, 
J. S. Johansen and B. J. Riis). Norhaven A/S, Viborg, 
Denmark (1987) pp. 621-622. 

32. Devogelaer J. P., Huaux J. P., Nagani de Deuxchaisnes 
C., Lecart C., Donnez J. and Thomas K.: Densitomet- 
tic, biochemical, and hormonal changes induces by 
oophorectomy. In Osteoporosis 1987 (Edited by C. 
Christiansen, J. S. Johansen and B. J. Riis). Norhaven 
A/S, Viborg, Denmark (1987) pp. 615-617. 

33. Nordin B. E. C., Morris H. A., Need A. G., Horowitz 
N. and Hartley T. F.: Calcium absorption studies in 
normal and osteoporotic women. In Vitamin D. A 
Chemical, Biochemical and Clinical Update. de Gruyter, 
Berlin (1985) pp. 1028-I038. 

34. Chan S, D. H., Chiu D. K. H. and Atkins D.: 
Oophorectomy leads to a relative decrease in 
1,25(OH)ED receptors in rat jejunal villous cells. Clin. 
Sci. 66 (1984) 745-748. 

35. Francis R. M., Peacock M., Taylor G. A., Storer J. H. 
and Nordin B. E. C.: Calcium malabsorption in elderly 
women with vertebral fractures: evidence for resistance 
to the action of vitamin D metabolites on the bowel. 
Clin. Sci. 66 (1984) 103-107. 


