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Alfacalcidol Versus Plain Vitamin D in the Treatment of
Glucocorticoid/Inflammation-Induced Osteoporosis

INTRODUCTION
Glucocorticoids (GC) are widely used in daily practice
since they play a major role in the treatment of a number
of chronic diseases with high socioeconomic impact.
Despite their indisputable therapeutical advantages,
longterm GC use is overshadowed by several relevant side
effects that can produce morbidity comparable to that of
the original illness. The most important of these is sec-
ondary osteoporosis, which is known to arise not only as
a consequence of longterm GC administration but also
due to deleterious effects of the underlying disease on
bone metabolism. The bone loss is highest in the initial 3

to 6 months of therapy and the fracture incidence in GC
induced osteoporosis (GIOP) is estimated to be between
30% and 50% among patients receiving this immunosup-
pressive therapy over longer times. Therefore, an early,
efficient, and cost-effective treatment is mandatory.

The early and rapidly increasing risk of fractures can-
not be explained by the respective loss of BMD alone. It
is suggested, however, that negative influences on bone
quality and muscle metabolism and therefore increased
risk of falls contribute to this rapid increase in fracture
risk. GC affect bone through multiple mechanisms.
Pathogenetic effects of GC on bone and calcium home-
ostasis include decrease in intestinal calcium uptake,
enhancement of renal excretion of calcium, increase in
osteoclastic bone resorption, impairment of osteoblast
function, promotion of osteocyte apoptosis and (directly
and indirectly) development of myopathy. Recent work
demonstrates GC upregulation of myostatin, a negative
regulator of muscle mass1. It has been recently confirmed
in vitamin D receptor (VDR) gene-deleted mice that
absence of VDR causes muscle abnormalities independ-
ently of secondary metabolic changes, e.g., hypocalcemia
or hyperparathyroidism, and that treatment with D-hor-
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ABSTRACT. Treatment with plain vitamin D is a nutritional substitute, while the application of alfacalcidol is an active
hormonal therapy. Due to strong feedback regulation, plain vitamin D is not activated in the kidney in vita-
min-replete patients, while alfacalcidol, having been hydroxylated at position 1, bypasses regulation and
increases available amounts of active D-hormone in different target tissues. Nevertheless, a majority of physi-
cians still prescribe plain vitamin D plus calcium as a first-step prevention or even as therapy for glucocorti-
coid (GC) induced osteoporosis. This article summarizes results of our previous study comparing the thera-
peutic efficacy of the D-hormone analog alfacalcidol to plain vitamin D in patients with established GC
induced osteoporosis with or without vertebral fracture. Patients taking longterm GC therapy were included
as well-matched pairs to receive randomly either 1 µg alfacalcidol plus 500 mg calcium per day (group A, n =
103) or 1000 IU vitamin D3 plus 500 mg calcium (group B, n = 101). The mean bone mineral density (BMD)
values at baseline for the 2 groups for alfacalcidol and vitamin D3, respectively, were: lumbar spine T score
–3.26 and –3.25; femoral neck –2.81 and –2.84. Rates of prevalent vertebral and nonvertebral fractures were
not different between groups. In the 3 year study we observed in the alfacalcidol group as compared with the
plain vitamin D group, respectively: a 3 year median percentage increase of BMD at the lumbar spine of 2.4%
versus –0.8% (p < 0.0001); a median increase at the femoral neck of 1.2% versus 0.8% (p < 0.006). Likewise
observed in the alfacalcidol as compared to the vitamin D group, respectively: a 3 year rate of patients with
≥1 new vertebral fracture of 9.7% versus 24.8% (risk reduction: 0.61; 95% CI 0.24 to 0.81; p = 0.005); a 3 year
rate of patients with ≥1 new nonvertebral fracture of 15% versus 25% (risk reduction: 0.41; 95% CI –0.06 to
0.68; p = 0.081); a 3 year rate of patients with ≥1 new fracture of any kind of 19.4% versus 40.6% (risk reduc-
tion: 0.52; 95% CI 0.25 to 0.71; p = 0.001). In accordance with the observed fracture rates, the alfacalcidol
group showed a substantially larger decrease in back pain than the plain vitamin D group (p < 0.0001).
Generally, side effects in both groups were mild, and only 3 patients in the alfacalcidol group and 2 patients
in the vitamin D group had moderate hypercalcemia. We conclude that alfacalcidol plus calcium is highly
superior to plain vitamin D3 plus calcium in the treatment of established GC induced osteoporosis, and the
latter should no longer be used as monotherapy. (J Rheumatol 2005;32 Suppl 76:33-40)
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DIFFERENCES BETWEEN PLAIN VITAMIN D
AND ALFACALCIDOL
All cholecalciferol from food or synthesis in the skin is
hydroxylated in the liver to 25-OH-cholecalciferol. The
hepatic 25-hydroxylation still occurs in states of chronic
liver insufficiency and is only impaired in terminal stages
of liver disease. There is no regulation and no feedback
control of this first step of activation.

However, the second step, renal 1α-hydroxylation, is
strongly feedback-regulated. In states of sufficient 1α,25-
(OH)2-D, the 1α-hydroxylase is downregulated and no
further activation towards 1α,25-(OH)2-D takes place17.
The biologically not very active 25-OH-D stays in the cir-
culation, is stored in fat tissue, or is excreted after 24-
hydroxylation in the kidney to 24,25-(OH)2-D. This
adapted, controlled activation of vitamin D is a reason-
able self-protection. Otherwise an abundant oral intake
of vitamin D (e.g., meal of fresh sea fish) or a sunbath
would be followed automatically by hypercalcemia.

Accordingly, treatment with plain vitamin D means
nutritional supplementation is effective only in vitamin
D-deficient patients with normal kidney function. In
vitamin D-replete patients or in renal insufficiency no
biological effect can be expected. Alfacalcidol (1α-OH-
D) is a synthetic D-hormone analog that is already
hydroxylated at the crucial 1α position, which physiolog-
ically would take place only in patients with D-hormone
deficiency after hepatic hydroxylation. After oral intake
and intestinal absorption, 1α-OH-D is automatically
hydroxylated in the liver to 1α,25-(OH)2-D, i.e., alfacalci-
dol is a prodrug to calcitriol18. The major difference from
that of plain vitamin D is that by this kind of activation
the above mentioned feedback regulation of the final
renal activation is bypassed by direct activation in the
liver. In addition there is evidence that a smaller part of
1α-OH-D is activated by a 25-hydroxylase expressed by
osteoblasts, i.e., locally in bone tissue19. Accordingly, in
addition to systemic D-hormone effects, a localized
autocrine or paracrine effect in bone tissue can be
achieved when using alfacalcidol.

The fundamental differences between a nutritional sup-
plementation with plain or native vitamin D and the
treatment with the active D-hormone analog or prodrug
alfacalcidol are summarized in Table 1. On the basis of
these biological and pharmacological differences the
respective potency of vitamin D and alfacalcidol for pre-
vention and treatment of different stages and forms can
be easily explained17. On the other hand the possible
adverse events also become obvious. There is nearly no
risk of hypercalciuria and hypercalcemia even with high-
ly increasing the vitamin D supplements above the rec-
ommended doses, while higher doses of alfacalcidol will
significantly augment the respective risk. There is one
rare but interesting exception: uncontrolled extrarenal
activation of plain vitamin D in the granulomatous tissue

mone counterbalances abnormalities in myoblastic cells
and is necessary for optimal muscle cell differentiation2.
GC reduce the number of VDR, and cytokines from
underlying diseases reduce renal production of D-hor-
mone. These results suggest that the GC/inflammation
induced decline in muscle power and increase in falls
could be explained in part by decreased VDR and D-hor-
mone in serum and/or at the receptor level.

Interestingly, all these deleterious pharmacological
effects of GC on bone or muscle can be counteracted
directly by a biologically active form of vitamin D, cal-
citriol (D-hormone)3. Moreover, the D-hormone has
recently been shown to be a potent immunomodulating
agent. There is strong experimental evidence for a dis-
ease-modifying influence of calcitriol in murine models
of human rheumatoid arthritis4 and other chronic
inflammatory autoimmune diseases5, and there have been
preliminary clinical investigations with alfacalcidol, a
prodrug of the D-hormone, to corroborate these find-
ings6-8. Accordingly, D-hormone analogs (alfacalcidol,
calcitriol) are of high interest in the treatment of GIOP.
Although both plain vitamin D and D-hormone analogs
act through a common biologically active metabolite, the
D-hormone calcitriol, there is evidence that the latter has
a higher therapeutic potential, particularly in patients
with higher GC dosage (> 2.5 mg prednisolone daily) and
with insufficiently controlled inflammatory diseases.

Several clinical studies have shown the efficacy of D-
hormone analogs, such as alfacalcidol9-11 and calcitri-
ol12,13 in GIOP. In contrast, plain vitamin D has an
important role as a nutritional supplement in the treat-
ment of osteoporosis with agents such as bisphospho-
nates. Studies with plain vitamin D as a monotherapy
have yielded unsatisfactory results14,15 for use with higher
dosages of GC. On the other hand, alfacalcidol is more
expensive than plain vitamin D and might be associated
with a higher incidence of side effects such as hypercalci-
uria and hypercalcemia.

Although it was clearly shown that calcium and plain
vitamin D supplementation is not sufficient to avoid bone
loss in patients starting longterm GC therapy14, there is
still a general belief among most physicians that this reg-
imen is an adequate first step in antiosteoporotic treat-
ment. Accordingly, there is a need for directly comparing
studies to clarify the respective roles of plain vitamin D
and D-hormone analogs in GIOP.

This article reviews published studies, in particular our
own 3 year head-to-head trial16, to consider the therapeu-
tic efficacy of D-hormone analog alfacalcidol versus plain
vitamin D in GC/inflammation induced osteoporosis.

It may be important to first provide additional back-
ground on the major biological and pharmacological dif-
ferences of plain vitamin D3 (cholecalciferol) and the
mostly adopted D-hormone analog alfacalcidol (1α-
hydroxy-vitamin D).
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month intervals, and patients were interviewed for
adverse events and back pain.

Results 
Characteristics of patients. As shown in Table 2, treat-
ment groups were well matched for mean age, sex, mean
height and weight, mean daily dose and duration of GC
therapy, and percentage of patients with the 3 underlying
diseases. The mean initial BMD values for the 2 groups at
the lumbar spine were determined: T score –3.26 for the
alfacalcidol group and –3.25 for the plain vitamin D3
group; and at the femoral neck –2.81 and –2.84 SD,
respectively (Table 2). Moreover, baseline characteristics
for fracture status and bone pain did not differ substan-
tially between the treatment groups.

A total of 89 of 103 patients in the alfacalcidol group
(86.4 %) and 88 of 101 patients in the vitamin D group
(87.1%) completed treatment regularly after 36 months.
There was only one case of drug related discontinuation
of treatment (see below).

Bone mineral density. At the lumbar spine, a gain in BMD
was observed in both treatment groups after 12 months
(Figure 1). However, while median percentage gain in
BMD continued to increase moderately in the alfacalci-
dol group during the course of the study (+2.4% at the
end of study), the initial increase in the vitamin D group
was neutralized by subsequent loss during months 12 and
24, which remained almost steady until the end of the
study (–0.8% at 36 mo). The Wilcoxon-Mann-Whitney
directional test for the criterion “percent change from
baseline” showed a more than small superiority of alfa-

of sarcoidosis20. The increased risk of hypercalcemia
with an overdose of alfacalcidol, however, is the best
proof for its direct hormonal activity.

Results of our own investigation and those of others
indicate that alfacalcidol plus calcium is superior to plain
vitamin D3.

ALFACALCIDOL VERSUS PLAIN VITAMIN D
TRIAL IN GIOP
We compared the efficacy of D-hormone analog to plain
vitamin D in patients with GC induced osteoporosis16.
Subjects and study design. Our study included 204
patients receiving longterm GC therapy who had estab-
lished osteoporosis, i.e., BMD at the lumbar spine below
–2.5 standard deviations (SD) of the mean peak value in
young adults (= T score). Patients were enrolled allowing
only 3 underlying diseases: chronic obstructive pul-
monary disease, rheumatoid arthritis, and polymyalgia
rheumatica. They were grouped in matched pairs as
judged by baseline variables and assigned randomly to
receive either 1 µg of alfacalcidol plus 500 mg of calcium
(n = 103) or 1000 IU vitamin D3 plus 500 mg of calcium
(n = 101) for 3 years.

BMD was measured at onset and at 12, 24, and 36
months by dual x-ray absorptiometry (DEXA; Lunar
Corp., Madison, WI, USA) at the lumbar spine (L2–L4)
and at the femoral neck. Lateral radiographic studies of
the thoracic and lumbar spine were performed at onset
and every year thereafter. A prevalent or new vertebral
fracture was diagnosed at vertebrae on the loss of ≥20%
of anterior, median, or posterior height.

Routine laboratory examinations were carried out at 6-

Plain Vitamin D Alfacalcidol

• Nutritional substitute • Pharmacological treatment

• Abundant amounts are stored in fat • Activated in liver and bone,
tissue; long half-life prodrug for 1,25-(OH)2-D

• Only effective in patients with • Effective in vitamin D-depleted
vitamin D deficiency and replete patients

• In vitamin D-replete patients no • Increase in active D-hormone;
further increase of 1,25-(OH)2-D decrease in PTH and bone
(D-hormone). Inactivation to 24,25- resorption; increased bone
(OH)2-D formation and muscle power

• Patients with D-hormone deficiency • D-hormone deficiency is treated by
(inhibition of 1α-hydroxylase) and/or bypassing regulation in the kidney
VDR deficit in quantity and quality
are resistant to plain vitamin D because • D-resistance is treated by
no significant increase is achieved inducing VDR in different target

tissues

VDR: vitamin D receptor; PTH: parathyroid hormone

Table 1. Distinction between plain vitamin D and the D-hormone analog and prodrug
alfacalcidol.
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calcidol at month 12, and a large superiority of alfacalci-
dol was detected at months 24 and 36 (test result for
month 36: Mann-Whitney 0.8675; 95% CI 0.7806 to
0.9543; p < 0.0001). Concerning BMD at the neck of
femur, no noteworthy median change was observed in the
vitamin D group. There was, however, a steady gain in
BMD until month 12 and between months 24 and 36
(+1.2% at the end of study) denoting medium superiori-
ty of alfacalcidol (Mann-Whitney 0.6394; 95% CI 0.5596
to 0.7193; p < 0.006).

A stratified analysis of the BMD measurements with
respect to the underlying diseases gave the same treat-
ment effect as the unstratified analysis.

Fracture rates. In 35 of the 204 patients included in the
study we documented one or more new vertebral frac-
tures. At the end of the study 16 new vertebral fractures
had been observed in 10 patients in the alfacalcidol group
and 35 in 25 patients in the vitamin D group. The 3 year
rate of patients with at least one new vertebral fracture
was 9.7% for the alfacalcidol group versus 24.8% for
plain vitamin D group (relative risk, RR: 0.39; 95% CI
0.20 to 0.76; p = 0.005 / risk reduction: 0.61; 95% CI 0.24
to 0.81; p = 0.005) (Figure 2).

The 3 year rate of patients with at least one new non-
vertebral fracture was 14.6% in the alfacalcidol group
versus 24.8% in the vitamin D group (RR: 0.59; 95% CI
0.32 to 1.06 / risk reduction: 0.41; 95% CI 0.06 to 0.68; p
= 0.081). This difference was not statistically significant
even in a descriptive sense, which might have been caused
by the small sample size.

At end of study, 32 new fractures of any kind had
occurred in 20 patients in the alfacalcidol group and 68 in
41 patients in the vitamin D group. The 3 year rate of
patients with at least one new fracture was 19.4% for the
alfacalcidol treated versus 40.6% for those treated with

Alfacalcidol Vitamin D3

Number 103 101
Male/female 38/65 36/65
Mean age, yrs (SD) 60.1 (9.78) 60.3 (9.91)
Mean weight, kg (SD) 64.2 (9.74) 64.3 (9.44)
Mean height, cm (SD) 164.5 (8.74) 164.7 (7.82)
Underlying disease

Chronic obstructive
lung disease 53 (51.5%) 52 (51.5%)

Rheumatoid arthritis 30 (29.1%) 27 (26.7%)
Polymyalgia rheumatica 20 (19.4%) 22 (21.8%)

Median duration of
glucocorticoid therapy, yrs 3.0 3.0

Median daily glucocorticoid
dose, mg 8.0 7.5
Mean BMD, T-score (SD)

Lumbar spine –3.26 (0.57) –3.25 (0.39)
Neck of femur –2.81 (0.73) –2.84 (0.58)

Previous vertebral fractures
No. of patients with 
fractures (%) 54 (52.4) 52 (51.5)
Average no. of fractures
per patient 1.4 1.2

Previous non-vertebral
fractures
No. of patients with
fractures (%) 34 (33.0) 33 (32.7)
Average no. of fractures
per patient 0.5 0.5

*No significant difference in each criterion between groups.

Table 2. Baseline characteristics of patients*. With permission, courtesy
of Springer Science and Business Media, from Ringe, et al. Rheumatol
Int 2004;24:62-70

Figure 1. Bone mineral density at lumbar spine (percentage change from baseline). With
permission, courtesy of Springer Science and Business Media, from Ringe, et al.
Rheumatol Int 2004;24:63-70.
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plain vitamin D and calcium (RR: 0.48; 95% CI 0.20 to
0.75; p = 0.001 / risk reduction: 0.52; 95% CI 0.25 to 0.71;
p = 0.001).

Back pain. At 36 months, the average back pain score
showed a mean decrease of 1.7 points in the alfacalcidol
group and 0.8 points in the vitamin D group (Figure 3).
This effect was not significant for the plain vitamin D
group. Concerning percentage change from baseline, a
large superiority of alfacalcidol was demonstrated in the
Mann-Whitney test after both 2 and 3 years (month 24:
Mann-Whitney 0.7244; 95% CI 0.6523 to 0.7965; p <
0.001 / month 36: Mann-Whitney 0.7395; 95% CI 0.6683
to 0.8108; p < 0.001).

Side effects. There were no relevant differences in fre-
quency, type or severity of side effects between treatment
groups (Table 3). All side effects were mild to moderate.
Epigastric discomfort was the most frequent adverse
effect, which was likely related mainly to calcium supple-
mentation. Three patients in the alfacalcidol group had
moderate hypercalcemia and 2 in the vitamin D group.
One alfacalcidol patient dropped out due to hypercal-
cemia, i.e., a treatment related adverse event. Four
patients died during the course of the study (2 in each
group) based on intercurrent diseases most likely unrelat-
ed to the study drugs (2 of stroke, one of cor pulmonale,
one of status asthmaticus).

ROLES OF PLAIN VITAMIN D AND 
ALFACALCIDOL IN GIOP
Plain vitamin D is active only in patients with vitamin D
deficiency. That means it may show some therapeutic
effects especially at the beginning of intervention if some
of the patients are vitamin D-deficient. We did not meas-
ure initial vitamin D status of patients in our study.
Normal values of calcium, phosphorus, and alkaline
phosphatase in serum and calcium and phosphorus in
urine, however, excluded cases with relevant severe vita-
min D deficiency. Nevertheless, some patients with mild
insufficiency could explain the slight effect on lumbar
spine BMD after the first 12 months in the group receiv-
ing plain vitamin D plus calcium (Figure 1).

Alfacalcidol, a prodrug of the D-hormone, is a phar-
macological active antiosteoporotic drug, which works
independently of vitamin D status21. D-hormone analogs
such as alfacalcidol and calcitriol have been demonstrat-
ed to be useful in the therapy of GIOP. All clinical stud-
ies with these agents in GIOP have shown an increase or
a stabilization of BMD in comparison to control groups.
Some studies looking at prevention of GIOP by alfacal-
cidol in patients with different underlying diseases
demonstrated an inhibition of bone loss even for very
high doses of GC10,11. Van Cleemput, et al investigated
the relative efficacies of alfacalcidol and etidronate in
patients after cardiac transplantation under GC and and
cyclosporin A therapy. Better efficacy was observed on
BMD in the alfacalcidol group at both lumbar spine and
femoral neck as compared to the etidronate group. In
total only a small number of new fractures was observed,
but there were more in the etidronate than in the alfacal-
cidol group9. This tendency was confirmed, however, by
a more recent study on patients with cardiac or lung
transplant, where calcitriol significantly reduced the
number of vertebral fractures13. Prevention of bone loss
after cardiac transplant has been recently shown in a 1
year prospective, randomized double-blind clinical trial
comparing 0.5 µg calcitriol and 10 mg alendronate daily

Figure 2. Three year rate of new vertebral fracture in study patients.
Data are percentages of patients (95% CI). Data set: intention to treat,
alfacalcidol versus vitamin D3. With permission, courtesy of Springer
Science and Business Media, from Ringe, et al. Rheumatol Int
2004;24:63-70.

Alfacalcidol Vitamin D3

n=103 n=101

Epigastric discomfort 15 14
Constipation 5 6
Diarrhea 2 2
Nausea 5 5
Headache 3 6
Arthralgia 2 1
Hypercalciuria 3 1
Hypercalcemia 3 2
Total 38 37

*No significant difference in frequency and type of events between 
groups.

Table 3. Adverse events*. With permission courtesy of Springer Science
and Business Media, from Ringe, et al Rheumatol Int 2004;24:63-70.
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with a nonrandomized untreated control group. Bone
loss was minimal in the 2 actively treated groups and did
not differ between calcitriol and alendronate. New verte-
bral fractures occurred in 6.8% of alendronate subjects,
3.6% of subjects treated with calcitriol, and 13.6% of
controls22.

Taken together, there is very good evidence that treat-
ment with D-hormone analogs can also maintain bone
mass in patients with very high dosages of GC. This view
was taken into account in the guidelines of the American
College of Rheumatology23 and confirmed by meta-
analysis24.

While there is ample evidence that alfalcalcidol and cal-
citriol are effective in reducing vertebral and nonvertebral
fracture incidence in age-related and postmenopausal osteo-
porosis25-28, fracture data for GIOP have largely been unin-
formative and discrepant due to the relatively small sample
size of the respective studies mentioned above.

Thus, our study was the first large enough to statisti-
cally evaluate the effect of alfacalcidol not only on BMD,
but also on fracture risk in patients with established
GIOP. Our results corroborate previous findings that
alfacalcidol is capable of significantly increasing the
BMD at both lumbar spine and femoral neck in compar-
ison to a control group. These results are of special inter-
est, because our control group received a standard basic
supplementation therapy with vitamin D and calcium.
Alfacalcidol treatment led to a significant 61% risk
reduction of vertebral fractures and 52% of all fractures,
vertebral and nonvertebral combined, in comparison to
the vitamin D group. The study patients also had a risk
reduction of 41% for new nonvertebral fractures, which
did not reach statistical significance.

The superiority of alfacalcidol with respect to the
occurrence of vertebral fractures was reflected by a sig-

nificantly higher efficacy of alfacalcidol in back pain
reduction as compared with vitamin D.

It is not clear whether the advantageous symptomatic
efficacy is related to only the lower vertebral fracture rate
or if special effects on muscle metabolism2,29 and/or on
the immune system5,8 are involved. Although the vitamin
D dose of 1000 IU used in this study is a well established
standard supplementation in osteoporosis management,
it might be argued that the amount administered was too
low to fully exert its antiosteoporotic potential. However,
another study on GIOP has shown no therapeutic effica-
cy of a dose of vitamin D as high as 7000 IU per day14.

Why the 2 agents differ so strongly in their therapeutic
potency in osteoporosis was explained above (Table 1). In
GIOP additional factors may play a role. Recent research
has shown that GC reduce the amount of VDR on effec-
tor cells, thereby decreasing de facto the activity of this
hormone. Interestingly, this effect might still be aggravat-
ed in chronic inflammatory diseases, where high levels of
circulating proinflammatory cytokines such as tumor
necrosis factor-α (TNF-α) or interleukin 1, (IL-1) IL-6,
and IL-12 prevail in target tissues or serum.
Experimental data suggest that TNF-α inhibits renal 1α-
hydroxlase30. This is in accordance with clinical findings
that inflammatory diseases are associated with low serum
calcitriol levels31,32 related to disease activity31. In
GC/inflammation induced osteoporosis the fracture risk
is higher than expected due to loss of BMD, because an
early destruction of the trabecular architecture occurs,
e.g., a decrease of bone quality and bone strength. In ani-
mal trials it has been shown that alfacalcidol increases
bone strength more effectively than plain vitamin D33.
The incidence of falls and nonvertebral fractures increas-
es rapidly after the first 3 months and reverses sharply
toward baseline levels after discontinuation of oral GC

Figure 3. Average back pain score in study patients (mean score values indicate change
from baseline). With permission, courtesy of Springer Science and Business Media,
from Ringe, et al. Rheumatol Int 2004;24:63-70.
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treatment34. D-hormone analogs are promising candi-
dates for a pharmacological intervention with positive
effects on muscle function and falls28,35,36. Taken togeth-
er these potential reasons suggest superiority of alfacalci-
dol over vitamin D in GIOP therapy, and the most
important may be the greater availability of D-hormone
in target tissues.

Given the relatively high increase in BMD found in
antiosteoporotic treatment with bisphosphonates such as
alendronate and risedronate, the changes in BMD in this
study appear rather small. On the other hand, reduction
of fracture rate differs considerably between the treat-
ment groups, at least when vertebral fractures or the com-
bined data of all fractures are considered. The observed
risk reduction for alfacalcidol of 61% for vertebral frac-
tures is in the range of results found with bisphosphonate
treatment of GIOP37,38, where the specific drugs were
also compared with a vitamin D/calcium supplementa-
tion. This phenomenon of a relatively small increase of
BMD and high reduction of fracture incidence was dis-
cussed in a recent study on raloxifene39. In this elegant
statistical analysis of a large study on postmenopausal
osteoporosis, the extent of treatment-associated changes
in BMD accounted only for 4% of the observed vertebral
fracture risk reduction. The change in BMD seems to be
a poor predictor of fracture outcome for raloxifene and
alfacalcidol. Due to its protection from further destruc-
tion of trabecular microarchitecture through regulation
of increased bone remodeling and bone resorption,
improvement of bone quality and therefore bone
strength, and reduction of falls, alfacalcidol may be more
important for fracture prevention, especially in GIOP.

Our study shows alfacalcidol to be an efficient agent in
the therapy of GIOP. Alfacalcidol was superior to vita-
min D in terms of bone mass gain as well as fracture risk
reduction. Due to pleiotropic efficacy on bone, muscles
and the immune system, excellent tolerability, longterm
safety, simple and patient-friendly mode of administra-
tion (which all promote longterm patient compliance),
and the medium daily costs, the physiological substance
alfacalcidol is an important treatment option in patients
with glucocorticoid/inflammation induced osteoporosis.

Plain vitamin D plus calcium can be given in glucocor-
ticoid induced osteoporosis together with bisphospho-
nates but it should no longer be used as monotherapy.
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