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ABSTRACT 
It has been suggested that sonie progestogens could have 
a stimulating effect on bone forniation. This  study was 
therefore undertaken in order to compare the influence of 
cyproterone acetate and norgestrel on bone metabolisni 
when administered in a discontinuous, sequentially com- 
bined regimen with estradiol valerate. Twenty  healthy 
early postnzenopausal women were randomly assigned to 
treatment with either Cyclo-Progynova@, containing 
0.5 mg o f  norgestrel, or Clinien@, containing 1 mg o f  
cyproterone acetate ( C P A ) ,  over two 28-day cycles. 
Markers o f  bone resoption -fasting urinary hydroxypro- 
line/creatinine and calciirnz/creatinine ratios - and ofbone 

formation - seruni alkaline phosphatase and osteocalcin 
- were determined initially, before the start of treatment 
and thereafter twice weekly (a total of 17 assessmentsfor 
each woman) during the 8-week treatnient period. 

Seruni osteocalcin concentrations were slightly but not 
sigrzijkantly higher throughout the study period in women 
receiving Clinien, conipared to those taking Cyclo-Pro- 
gynova. Cyclical jlirctuation of w i i m  osteocalcin levels 
wert? more pronounced in  wornen with a high baseline 
level of osteocalcin. During the period qf progestogen 

administration, osteocalcin concentrations were eithersim- 
ilar to or even lower than those in the phase ofadminis- 
tration of estradiol valerate alone. Serum calcium and 
alkaline phosphatase concentrations were relatively stable 
during the study period with both treatment regimens. 
Urinary excretion of calcium and hydroxyproline varied 
during the cycle but the variation was unrelated to either 
type or time ofprogestogen administration. Mean urinary 
hydroxyproline excretion during the 8-week study period 
was similar for both preparations, although the mean 
decrease in the urinary hydroxyproline/creatinine ratio 
was insign$cantly higher for the CPA-containing pre- 
paration. Women with a high baseline osteocalcin level, 
however, showed sign$cantly lower hydroxyproline ex- 
cretion when treated with Climen than with a norgestrel- 
containing preparation. 

T h e  sign$cantly lower hydroxyproline excretion sug- 
gests a favorable effect on bone turnover of the preparation 
containing C P A .  This effect was particularly obvious in 
women with a high bone turnover and was most probably 
the result of a potentiating eflect of CPA on the anti- 
resotptive eJect of estradiol valerate. 
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INTRODUCTION broken, it appeared that both were from the group 

It is well established that estrogen treatment pre- 
vents bone loss in women after menopau~el-~. The 
addition of the cyclical progestogens, in order to 
protect the endometrium may, however, mod@ 
this effectM. It has further been suggested that 
some progestogens have a stimulating effect on 
bone formation which, added to the effect of 
estrogen, could result in an uncoupling of bone 
formation and 

The present study was undertaken in order to 
compare the possible influence of two different 
progestogens (a 17-hydroxyprogesterone deriva- 
tive cyproterone acetate and a 19-nortestosterone 
derivative norgestrel) administered in a discontinu- 
ous sequentially combined regmen with estradiol 
valerate on biochemical parameters of bone 
metabolism. 

MATERIALS AND METHODS 
Twenty consecutive women attending the out- 
patient clinic and requesting hormonal replace- 
ment therapy (mean age 47.2 * 1.13 years; mean 
duration ofmenopause 19.35 f 2.28 months) were 
recruited for the study. Patients were randomly 
allocated to receive either a preparation containing 
cyproterone acetate (CPA) (Climen@, Schering 
AG; monthly pack containing 11 tablets of 2 mg of 
estradiol valerate and 10 tablets of 2 mg of estradiol 
valerate and 1 mg of CPA) or a preparation con- 
taining norgestrel (Cyclo-Progynova@, Schering 
AG; monthly pack containing 11 tablets of 2 mg of 
estradiol valerate and 10 tablets of2 mg ofestradiol 
valerate and 0.5 mg of norgestrel). Each 21-day 
treatment period was followed by a 7-day medica- 
tion-free period and all women were treated and 
followed up for two 28-day cycles. The allocation 
was double-blind and the code broken after the 
completion of the study. 

The study was approved by the hospital ethics 
committee and all women gave informed consent 
after receiving a leaflet with full details. Medication 
known to influence calcium metabolism or sex 
hormones had not been taken for at least 6 months 
prior to this study. 

Out of 20 women who entered the study, two 
dropped out, one due to heavy bleeding after the 
first cycle of treatment and the other due to failure 
to attend early in the first cycle. After the code was 

treated with Cyclo-Progynova. 
Fasting blood and urine samples were taken 

between 08.00 and 09.00 for estimation of bio- 
chemical parameters of bone formation (alkaline 
phosphatase, osteocalcin) and bone resorption (uri- 
nary calcium and hydroxyproline excretion) ini- 
tially before the start of treatment and subsequently 
twice weekly during the 8-week treatment period 
(total of 17 samples for each patient). 

All blood samples for osteocalcin were stored at 
-20°C until analyzed. In order to eliminate inter- 
batch variation, all samples from one woman were 
determined in the same assay. Serum osteocalcin 
levels were measured by a radioimmunoassay using 
a CIS-Sorin kit. The sensitivity of the assay is 
0.50 ng/ml. The intra-assay variation is 3.7%. In 
our laboratory, the mean osteocalcin concentration 
in a large population of early postmenopausal 
women not receiving any hormonal treatment was 
6.28 & 1.57. We therefore established our own 
standard for osteocalcin concentration above 
8.0 n g / d  as being an indicator of high bone turn- 
overlo. 

Serum calcium and alkaline phosphatase, as well 
as urinary calcium and creatinine, were measured 
on an autoanalyzer. Urinary hydroxyproline was 
determined by a spectrophotometric method 
with a Hypronosticon kit (Organon, Netherlands). 
Urinary hydroxyproline and calcium concentra- 
tions were corrected for creatinine excretion 
(FUHPrVCr and FUCa/Cr). 

All results are reported as the mean f SE. Sum- 
mary measures'' were applied to the analysis of 
serial measurements. Fluctuations in osteocalcin 
concentration on estradiol valerate alone or on 
estradiol valerate plus either CPA or norgestrel 
were assessed in relation to the area under the 
curve. Differences in the mean values for individual 
parameters were assessed by Student's t-test. Re- 
peated-measures analysis of variance was carried 
out to identifjr the difference in 8-week profiles of 
each parameter of bone metabolism between the 
groups. The 'mean decrease' was defined as the 
'mean' (the average of the target variable of visits 
6-17) minus the target variable ofvisit 1 (baseline). 

RESULTS 
Clinical and baseline parameters of bone metabol- 
ism are shown in Table 1. The two groups receiv- 
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Table 1 Clinical data and parameters (mean f SE) of bone metabolism the start of the study 

Estradiol valerate plus Estradiol valerate plus norgestrel 
cyproterone acetate (n  = 10) ( n  = 9) P 

Age (years) 47.0 f 1.85 47.37 f 1.73 NS 
Time since menopause (months) 17.10f 2.01 21.75 f 4.56 NS 
Body mass index 27.8 k 1.96 26.04 f 6.39 NS 
Osteocalcin (ng/ml) 7.32 k 1.16 5.31 f 1.23 NS 
Serum alkaline phosphatase (IIJ/l) 42.18 f 3.04 47.46 f 3.76 NS 
Seruni calvium (mmol/l) 2.31 k 0.16 2.36 f 0.19 NS 
Urinary calcium/creatinine ratio 0.96 f 0.16 0.72 f 0.21 NS 
Urinary hydroxyproline/creatinine ratio 30.62 f 5.00 22.06 f 3.94 NS 

NS, not significant 

ing different gestagens combined with estradiol 
valerate were well matched for age, time since 
nienopause and body mass, index. Osteocalcin, 
FUCa/Cr and FUHPrVCr were slightly but not 
significantly higher at the start of the study in 
women subsequently treated with a CPA-contain- 
ingpreparation (Climen). T h i s  may reflect a greater 
proportion of women with high bone turnover 
present in this group. Indeed, five out of ten 
women on Climen had high (over 8.0ng/ml) 
baseline osteocalcin levels compared to two out of 
nine women on Cyclo-Progynova. 

Osteocalcin levels varied cyclically during the 
2-month treatment period with both preparations 
(Figure la), fluctuation being particularly marked 
in women with high baseline osteocalcin levels 
(Figure 2). For osteocalcin the ‘mean decrease’ 
showed a slight rise in both groups (0.16 k 3.08 on 
Climen; 1.43 f 2.59 on Cyclo-Progynova), but 
the difference was not significant. Comparison of 
the areas under the curve for osteocalcin during 
administration of estradiol valerate alone and 
estradiol valerate plus CPA revealed significantly 
higher osteocalcin concentrations during estradiol 
valerate alone (20.93 f 3.24 vs. 16.86 f 3.22, 
p = 0.0026). In the Cyclo-Progynova-treated 
group, however, the area under the curve for 
osteocalcin concentrations was similar to that of 
estradiol valerate alone and estradiol valerate plus 
norgestrel treatment (14.73 f 3.71 vs. 14.20 f 
3.27, NS). 

Mean alkaline phosphatase activity during the 
study period was similar in the groups treated with 
Climen (43.26 f 2.93 IU/I) and Cyclo-Progynova 
(45.44 f 3.35 IU/l). There were no changes in 
serum alkaline phosphatase activity during the 
study period, as were observed for osteocalcin 

00 03 06 10 13 17 20 24 27 03 06 10 13 17 20 24 27 
(b) Day of the cycle 

Figure 1 The mean serum levels ofosteocalcin (a) and 
alkaline phosphatase (b) during 8 weeks’ treatment with 
a preparation containing either cyproterone (solid line) 
or norgestrel (dotted line) 

(Figure lb).  No difference in the ‘mean decrease’ 
of alkaline phosphatase was observed between the 
two treatment groups (0.76 f 8.3 on Climen; 
-1.66 f 2.4 on Cyclo-Progynova). 

Mean serum calcium concentration was stable 
and did not vary throughout the 8-week treatment 
period on either preparation. Urinary excretion of 
calcium and hydroxyproline varied but there was 
no relationship with gestagen administration 
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(b) Day of the cycle 
00 03 06 10 13 17 20 24 27 03 06 10 13 17 20 24 27 

(b) Day of the cycle 

Figure 2 Fluctuations of the mean serum osteocalcin Figure 3 The mean urinary calcium/creatinine (a) 
levels in women with high basal osteocalcin (solid lines) and urinary hydroxyproline/creatinine (b) ratio in 
and normal basal osteocalcin (dotted lines) on prepara- women on preparations containing either cyproterone 
tions containing either cyproterone (a) or norgestrel (b) (solid lines) or norgestrel (dotted lines) 

(Figure 3). Mean urinary calcium excretion during 
the 8-week study period was similar on both pre- 
parations (Figure 3a) (0.78 f 0.1 1 on Climen; 
0.60 f 0.16 on Cyclo-Progynova). There was no 
difference in the ‘mean decrease’ of the urinary 
calcium/creatinine ratio between the two groups 
(-0.14 f 0.68 on Climen; -0.14 k 0.6 on Cyclo- 
Progynova). 

Mean urinary hydroxyproline excretion was 
also similar with both preparations (Figure 3b) 
(22.64k 1.45 on Climen; 21.51 f 1.62 on Cyclo- 
Progynova). The ‘mean decrease’ in urinary 
hydroxyproline/creatinine ratio was, however, 
greater in the group treated with Climen 
(-5.79 f 14.02) than with Cyclo-Progynova 
(-0.79 f 12.28), but the difference was not signif- 
icant, due to great inter-individual variations. 
Women with a high baseline osteocalcin level had 
significantly lower hydroxyproline excretion when 
treated with the CPA-containing preparation than 
with a norgestrel-containing preparation (21.44 f 
0.76 vs. 28.37 f 1 . 1 9 , ~  = 0.0045). Overall, greater 
fluctuations in hydroxyproline excretion were 

observed in women with high baseline osteocalcin 
levels, on both preparations. 

DISCUSSION 

The significant finding of this study is that women 
with a high bone turnover, as indicated by high 
baseline osteocalcin levels, excreted less hydroxy- 
proline when treated with a CPA-containing pre- 
paration than with a norgestrel-containing 
preparation. This suggests a favorable effect on 
bone turnover of CPA administered in a cyclical 
regimen with estradiol valerate. 

Biochemical assessment of bone turnover may 
be helpful in determining the effects of treatment. 
Osteocalcin (bone Gla protein) is a peptide of 
osteoblast orign and thus is a specific marker of 
bone formation”. Our  group showed a significant 
increase in osteocalcin levels to be present shortly 
after the menopause reflecting increased bone turn- 
overlo. In this short-term study, again the most 
significant changes were observed in the osteocal- 
cin levels. 
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The study design used here was that suggested 
by Christiansen and co l leag~es '~  as 'a rapid screen- 
ing of potential drugs for both prevention and 
treatment of postmenopausal bone loss'. Our  data 
obtained with a greater number ofsubjects and two 
different preparations are not, however, as con- 
sistent as theirs. W e  also question the impact of a 
treatment-free interval. In other words, could 
cyclical changes of osteocalcin also be explained by 
the 7-day break of medication in our study? This 
would also apply to the study of Christiansen and 
colleagues13, since the third phase of their response 
used only half the dosage of estradiol. To some 
extent, such regimens reflect the principle of 
ADFR (Activation, Depression, Free Interval, Re- 
petition) which is one proposed strategy to increase 
bone mass. 

The combination of estradiol valerate and CPA 
has been shown to prevent bone loss in early 
postmenopausal women but CPA did not seem to 
modifi. the effect of the estrogen component on 
calcium metabolism'4. Our  data g v e  additional 
information on the effect of CPA-containing pre- 
paration and suggest that it is unlikely that CPA 
stimulates bone formation. I t  is, however, possible 
that CPA potentiates the anti-resorptive effect of 
estradiol valerate. Our  finding af  decreased hy- 
droxyproline excretion would support that hy- 
pothcsis. 

I t  has been suggested that endogenous pro- 
gesterone stimulates osteoblasts and is involved in 

bone formation in normal women. Prior's obser- 
v a t i o n ~ ' ~  that short luteal phases and anovulatory 
menstrual cycles were associated with bone loss are 
consistent with this hypothesis. This group also 
documentedI6 an increase in trabecular bone on 
medroxyprogesterone treatment. Christiansen and 
as~ociates'~, however, suggested that gestagens 
from the 17-hydroxyprogesterone family and also 
progesterone itself did not affect bone calcium 
metabolism, while gestagens from the 19-nor- 
testosterone family could stimulate bone forma- 
tion. Christiansen's group also showed that 
addition of norethisterone acetate to the G n R H  
analog nafarelin prevented development of osteo- 
porosis (slight increase in osteocalcin) during a 
6-month treatment period". The most recent 
study clearly demonstrated that norethisterone pre- 
vented bone loss in postmenopausal osteoporosis 
by decreasing bone turnover, and indeed it in- 
creased bone mineral content'8. Norethindrolone 
has also been shown to prevent bone loss as cffec- 
tively as estradiol or estradiol in combination with 
norgestrel'. All these observations support the con- 
cept that most probably all progestogens could be 
effective in the prevention of bone loss if given in 
sufficient dosage. 

The results obtained in this study warrant long- 
term prospective studies in order to document the 
suggested beneficial effect of cyproterone acetate 
on bone metabolism. 
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