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Abstract. Osteoporosis is a common disorder in postmeno- 
pausal women, which is probably due to decreased ovarian 
function. Currently, ho rmone  replacement therapy (HRT), 
involving administration of estrogen and progestogen, is suc- 
cessfully applied to reduce bone resorption. We studied the 
effect of  HRT on 23 postmenopausal  women. This consisted 
of a combination of 17[3-estradiol and dydrogesterone,  on the 
serum level of 1,25-dihydroxyvitamin D (1,25(OH)2D) after 
0, 6, 12, and 24 months. We found mean serum concentra- 
tions (+-SD) of 1,25(OH)2D of 130.5 pmol/liter (46.1), 152.7 
pmolfliter (45.1), 170.8 pmol/liter (64.0), and 155.2 pmol/liter 
(59.7), respectively. The baseline values in these women 
were found to be significantly lower than those during ther- 
apy (P ~ 0.005). No statistically significant differences were 
observed when comparing the estrogen-only phase with the 
combined estrogen-progestogen phase. It is concluded that 
HRT results in an increase in the serum 1,25(OH)2D con- 
centration which lasts for at least 2 years. This increase may 
partly explain the preventive effect of HRT on osteoporosis.  
Furthermore,  these results suggest that dydrogesterone does 
not inf luence  the  e s t rogen - induced  changes  in serum 
1,25(OH)2D concentration. 
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Osteoporosis is a common bone disorder, affecting millions 
of older people in the Western world, especially women after 
menopause [1]. With the menopause,  a significant decrease 
in bone density occurs [2], the exact causes of  which are still 
unknown. Many therapies are used to try to halt or even to 
reverse this phenomenon, such as supplementation with flu- 
oride [3], as well as administration of  calcitonin [4], biphos- 
phonates [5], or 1,25-dihydroxyvitamin D (1,25(OH)2D) [6]. 
Probably the most effective therapy currently available is 
estrogen therapy [7]. The strong decline in estrogen concen- 
trations after menopause suggests a direct relationship be- 
tween estrogen concentration and bone density. 

During estrogen therapy a rise in serum 1,25(OH)2D has 
been observed [8-10]. The latter hormone is capable of stim- 
ulating the intestinal absorption of calcium. However,  liter- 
ature on this issue is contradictory [11, 12], and most studies 
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describe short treatment intervals of no more than 6 months. 
Estrogen administration is often combined with progestogen 
to reduce the hyperplastic effects of estrogen on the endo- 
metrium. It has been postulated that progestogen not estro- 
gen [13], is the cause of the enhanced bone mineralization. 

To gain a better insight into the effect of  estrogen on 
serum 1,25(OH)2D levels, we have studied 23 healthy post- 
menopausa l  women during a sequent ia l  17[3-estradiol- 
dydrogesterone treatment for up to 2 years. This treatment 
consisted of 24 cycles of 4 weeks, including a 2-week phase 
of 17[3-estradiol-dydrogesterone administration and a 2-week 
phase of only 17[3-estradiol administration. We assessed the 
serum 1,25(OH)2D concentration at several time intervals 
during the 17[3-estradiol-dydrogesterone phase.  Fur ther-  
more, to determine any additional effects of the progestogen 
on serum 1,25(OH)zD concentration, we compared the es- 
trogen-only with the combined estrogen-progestogen phase 
in the last cycle studied. 

Materials and Methods 

Experimental Subjects 

In this study, 23 healthy, nonhysterectomized, postmenopausal 
women, aged 49-59 years, were included as described elsewhere 
[14]. All women suffered climacteric symptoms and complaints and 
were amenorrhoeic for at least 6 months. They were screened to 
have follicle-stimulating hormone (FSH) concentrations within the 
range characteristic for the postmenopausal phase (t> 36 IU/liter). 
Excluded were women using hormonal therapy for the previous 2 
weeks. Characteristics of the study population are given in Table 1. 

All women were continuously treated with 2 mg daily of micron- 
ized 17[3-estradiol (Zumenon| and with dydrogesterone (Duphas- 
ton| 10 mg daily for only the first half of each 28-day treatment 
cycle. Both analogs were administered orally (Solvay Duphar B.V., 
Weesp, The Netherlands). 

Fasting venous blood sampling was performed before study en- 
try and on days 12, 13, or 14 of the combined 17[3-estradiol- 
dydrogesterone intake of cycles 6 - 1, 12 --- 1, and 24 -+ 1. Blood 
sampling took place after a 12-hour fast. To evaluate the possible 
differences in serum 1,25(OH)2D between the combined estradiol- 
dydrogesterone phase and the estradiol-only phase blood was also 
sampled on cycle days 26, 27, or 28 of cycle 23 or 24. Serum samples 
were stored at -80~ until measurement of 1,25(OH)zD. 

Extraction and paper chromatography were performed as de- 
scribed elsewhere [15]. In short, to 1.0 ml of serum 25 Ixl (10,000 
dpm) 3H 1,25(OH)2Ds (166.4 Ci/mmol, 26,27-3H) (NEN Products, 
Dreieich, Germany) in ethanol was added. The samples were incu- 
bated and extracted with diethylether. The solvent was removed by 
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Table 1. Characteristics of the study population a 

Age (years) 54.3 --- 3.5 
Amenorrhoea (months) 56 - 40 
FSH (IU/liter) 84 + 26 

a Mean -+ SD (n = 23) 

drying under a stream of dry nitrogen, and the samples were chro- 
matographed in a descending paper-chromatography system [16]. 
After locating the tracer, the appropriate paper area was cut out and 
the 1,25(OH)2D was eluted with ethanol. The ethanol was then evap- 
orated under a stream of dry nitrogen and the residue was dissolved 
in 200 I~1 of 25% ethanol in phosphate buffer in order to concentrate 
the sample. 

The radioreceptor assay was performed as described by Hollis 
[17], with some modifications. A standard curve (0-1200 pmol/liter) 
was set up in duplicate. To 50 I~1 of standard, control or unknown, 
50 tzl of 3H-1,25(OH)2D3 (10,000 dpm) in 25% ethanol in phosphate 
buffer, and 500 ~1 receptor preparation from calf thymus in phos- 
phate buffer was added. Following a 3-hour incubation at room tem- 
perature, receptor-bound and unbound 1,25(OH)2D were separated 
using 150 p,1 dextran-coated charcoal to adsorb the unbound frac- 
tion. After 3 minutes, the samples were centrifuged at 2000 x g for 
10 minutes at room temperature. The supernatants were decanted 
simultaneously into counting vials using the device described by 
Vecsei and Gless [18]. After addition of 4 ml of scintillation liquid, 
the radioactivity was determined. The intra- and interassay CV were 
10% (n = 15 at 93.4 pmoFliter) and 11% (n = 8 at 103.3 pmol/liter), 
respectively. 

The standard curve was fitted to a four-parameter model as de- 
scribed by Healey [19], using a nonlinear fit algorithm according to 
Marquardt [20]. The concentration of hormone present in the sample 
eluate was read from the standard curve after correction of the total 
counts for the contribution of the radioactivity by the recovery 
tracer. The concentration was then corrected for mass-contribution 
of recovery tracer and reagent blank. Finally, a correction for pro- 
cedural losses was performed. 

Paired Student's t-tests were performed using the SAS program 
on a VAX/VMS computer. 

Results 

The basal mean serum concentration (+SD) of 1,25(OH)2D 
was 130.5 pmol/liter -+ 46.1 pmol/liter. At cycles 6, 12, and 
24 the concentrations were 152.7 pmol/liter -+ 45.1 pmol/ 
liter, 170.8 pmol/liter -+ 64.0 pmol/liter, and 155.2 pmol/liter 
-+ 59.7 pmol/liter, respectively (Fig. 1). The concentrations 
during therapy were significantly elevated compared with 
the baseline level (P ~< 0.005). There was no significant dif- 
ference between the serum concentrations during therapy. 
Mean serum 1,25(OH)2D in the 1713-estradiol-only phase of 
cycle 23 or 24 was 154.2 -+ 55.3 pmol/liter. This was signif- 
icantly higher than the baseline level (P ~< 0.005), but not 
significantly different from the concentration during the 
combined 17[3-estradiol-dydrogesterone phase of the same 
cycle. 

Discussion 

The present  study discloses a significant rise in serum 
1,25(OH)zD during 2 years of hormone replacement therapy 
(HRT) in postmenopausal women. This is in accordance 
with other reports [9, 10], which, however, did not exceed 
study periods of more than 6 months. Civitelli et al. [21] have 
reported elevated serum levels of 1,25(OH)zD during estro- 
gen therapy in postmenopausal osteoporosis after 1 year. 
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Fig. 1. Mean concentration (-+SEM) of 1,25(OH)2 D during hormone 
replacement therapy in postmenopansal women (n = 23) (*P ~< 
0.005 vs baseline). 

Prince et al. [8] also studied the effect of HRT on the serum 
levels of 1,25(OH)zD in postmenopausal women during a 
2-year period (n = 40). These authors, however, did not find 
a significant increase in serum 1,25(OH)2D concentration af- 
ter 2 years, although they reported changes in concentra- 
tions similar to those we have found. The underlying reason 
for the lack of any significance may well be the result of their 
intra- and interassay CV of 21% and 24%, respectively. 

Literature data on the effects of HRT on the serum level 
of 1,25(OH)2D are, however, unequivocal. When estrogen 
was applied transdermally, no change in serum 1,25(OI-I)2D 
was observed [11], even though the serum estrogen concen- 
tration was significantly elevated. Further, a decline in the 
1,25(OH)2D serum concentration during estrogen therapy 
has been found in rats [12]. 

These findings raise the question of whether estrogen ex- 
erts its effect on bone density directly by inhibition of bone 
resorption only or also via 1,25(OH)2 D. It is generally be- 
lieved that the estrogen-induced elevation of the serum 
1,25(OH)2D is a secondary effect due to a stimulation of 
vitamin D binding protein (DBP) synthesis in the liver [22- 
24]. A higher concentration of DBP would result in an in- 
crease of the total serum 1,25(OH)2 D concentration but 
would leave the free 1,25(OH)zD index constant. This free 
index is derived by dividing the concentration of total serum 
1,25(OH)zD by the concentration of DBP, and is thought to 
reflect the biological active moiety. However, reported re- 
sults of total serum 1,25(OH)2 D measurements and of the 
free 1,25(OH)zD index during HRT have not been equivocal. 
In some studies, a rise was found not only in DBP and total 
serum 1,25(OH)zD, but also in the free 1,25(OH)zD index 
[10, 25]. These results indicate that estrogen exerts its effect 
on bone density also via 1,25(OH)2 D, and that the rise of 
serum 1,25(OH)2D should not be ascribed only to an in- 
crease in DBP synthesis. 

Progestogen is often combined with estrogen administra- 
tion to reduce the hyperplastic effects of estrogen on the 
endometrium. Lee [13] suggests that progestogen and not 
estrogen is responsible for the increased bone density during 
HRT. This hypothesis cannot be dismissed on the basis of 
our results. However, we have found no difference between 
the serum 1,25(OH)zD concentration during the combined 
estrogen-dydrogesterone phase and during the estrogen-only 
phase. Dydrogesterone is completely excreted in 72 hours 
[26]. Any residual effects of dydrogesterone on the serum 
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1,25(OH)2D after 2 weeks are therefore, although not 
completely impossible, highly unlikely. This indicates that 
dydrogesterone does not induce the change in serum 
1,25(OH)2 D c o n c e n t r a t i o n  and therefore  also not  a 
1,25(OH)2D-induced change in bone density. 

Trtmolli tres et al. [27] have reported estrogen to be a 
stronger inhibitor of postmenopausal bone loss than prome- 
gestone, a progestogen which also has no androgenic effects, 
similar to dydrogesterone. The results with medroxyproges- 
terone have been contradictory [22, 25]. Scheven et al. [28] 
have reported that natural progestogen is a more potent stim- 
ulator of osteoblastic growth than estrogen, and Lee [13] 
also used natural progesterone. It seems likely therefore that 
the effects of progesterone on bone density results from the 
androgenic characteristics of progesterone. 

Estrogen has also been found to induce the synthesis of a 
cell/matrix surface-associated inhibitory factor of osteoclas- 
tic bone resorption from osteoblastic cells [29]. This finding 
may indicate that the rise in serum 1,25(OH)zD has two 
causes. First, as a result of a higher concentration of DBP 
due to stimulation of its synthesis in the liver by estro- 
gen, and secondly as a result of a lower level of blood cal- 
cium (Ca) due to lower bone resorption. This may explain 
the contradictory results in assessing changes of serum 
1,25(OH)2D concentrat ions after estrogen therapy. The 
higher 1,25(OH)2D level will generate a higher level of blood 
Ca through higher Ca uptake in the intestine, which subse- 
quently can suppress the 1,25(OH)2D synthesis via a feed- 
back mechanism. 

In conclusion, HRT induces a rise in serum 1,25(OH)2D 
concentration, which lasts for at least 2 years; this rise ap- 
pears to be a result of the estrogen alone. Literature data 
indicate that progestogen seems able to improve bone den- 
sity only as a result of its androgenic characteristics whereas 
analogs with no androgenic effects such as dydrogesterone 
apparently have no effects on the serum 1,25(OH)2D con- 
centration and consequently on the bone density. 
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