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Abstract Supplementation therapy with plain vitamin D
plus calcium is in general regarded as effective preven-
tion or first-step treatment of glucocorticoid-induced
osteoporosis (GIOP). The aim of our study was to
compare the therapeutic efficacy of the D-hormone
analog alfacalcidol with plain vitamin D in patients with
established GIOP with or without vertebral fractures.
Patients on long-term glucocorticoid (GC) therapy were
included as matched pairs to receive randomly either
1 pg alfacalcidol plus 500 mg calcium per day (group A,
n=103) or 1,000 IU vitamin D3 plus 500 mg calcium
(group B, n=101). The two groups were well matched in
terms of mean age, sex ratio, mean height and weight,
daily dosage, and duration of GC therapy, and the
percentages of the three underlying diseases included
chronic obstructive pulmonary disease, rheumatoid
arthritis, and polymyalgia rheumatica. The baseline
mean bone mineral density (BMD) values at the lumbar
spine for the two groups were —3.26 (alfacalcidol) and
—3.25 (vitamin Ds) and, at the femoral neck, —2.81 and
—2.84, respectively (T scores). Rates of prevalent verte-
bral and nonvertebral fractures did not differ between
groups. During the 3-year study, we observed a median
percentage increase of BMD at the lumbar spine of
24% in group A and a loss of 0.8% in group B
(P<0.0001). There also was a larger median increase at
the femoral neck in group A (1.2%) than in group B
(0.8%) (P <0.006). The 3-year rates of patients with at
least one new vertebral fracture were 9.7% among those
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assigned to the alfacalcidol group and 24.8% in the
vitamin D group (risk reduction 0.61, 95% CI 0.24-0.81,
P=0.005). The 3-year rates of patients with at least one
new nonvertebral fracture were 15% in the alfacalcidol
group and 25% in the vitamin D group (risk reduction
0.41, 95% CI 0.06-0.68, P=0.081). The 3-year rates of
patients with at least one new fracture of any kind were
19.4% among those treated with alfacalcidol and
40.65% with vitamin D (risk reduction 0.52, 95% CI
0.25-0.71, P=0.001). In accordance with the observed
fracture rates, the alfacalcidol group showed a sub-
stantially larger decrease in back pain than the plain
vitamin D group (P <0.0001). Generally, side effects in
both groups were mild, and only three patients in the
alfacalcidol group and two 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 GIOP.

Keywords Alfacalcidol - Glucocorticoids -
Osteoporosis

Introduction

Glucocorticoids (GCs) are widely used in clinical prac-
tice and play a major role in treating a variety of chronic
diseases. Despite their indisputable therapeutic advan-
tages, long-term GC treatment is often overshadowed by
severe side effects that sometimes produce morbidity
comparable to that of the original illness. One of these is
the development of osteoporosis, which is known to
arise as a consequence not only of chronic oral GC
administration but also of deleterious effects on bone
metabolism by the underlying disease. Bone loss is
highest in the initial months of therapy, and the fracture
incidence of GC-induced osteoporosis (GIOP) is esti-
mated at 30-50% among patients receiving this type of
treatment over long periods. This high rate cannot be
explained alone by the loss of BMD. It is suggested,
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however, that early negative influences on bone quality
contribute to the rapid increase in bone fragility.
Therefore early, efficient, and cost-effective treatment is
mandatory for this condition.

It is well established that GCs affect bone through
multiple mechanisms. Their pathophysiological effects
on bone and calcium homeostasis include decreased
intestinal calcium uptake, enhanced renal excretion of
calcium, impairment of osteoblast function, increased
osteoclastic bone resorption, promotion of osteocyte
apoptosis, and myopathy. All these deleterious phar-
macological effects on bone or muscle can be counter-
acted directly by the biologically active form of vitamin
D, calcitriol (D-hormone) [1]. Moreover, D-hormone
was recently 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 arthritis [2] and other chronic
inflammatory autoimmune diseases [3], and there have
been preliminary clinical investigations with alfacalcidol,
a prodrug of the D-hormone, to corroborate this finding
[4, 5, 6]. Therefore, these D-hormone analogs have
attracted considerable attention as therapeutic options
in the treatment of GIOP. Although both plain vitamin
D and D-hormone analogs act through a common,
biologically active metabolite (the D-hormone calcitri-
ol), there is evidence that the latter has a higher thera-
peutic potential, particularly in patients with higher GC
dosage (>2.5 mg prednisolone daily) and insufficiently
controlled inflammatory diseases.

Several clinical studies have shown the efficacy of
D-hormone analogs in GIOP such as alfacalcidol
[7, 8, 9] and calcitriol [10, 11]. In contrast, plain vitamin
D has an important role as a supplementary drug in
osteoporosis therapy with agents such as bisphospho-
nates. Studies with plain vitamin D as a monotherapy
have yielded unsatisfactory results [12, 13] in cases with
higher GC dosage. 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
hypercalcuria and hypercalcemia. Therefore, we de-
signed this study to compare the efficacy and adverse
events of alfacalcidol (la-hydroxy-vitamin D) vs plain
vitamin Dj; in patients with established GIOP with or
without vertebral fractures.

Materials and methods

Study design and subjects

Included were patients on long-term GC therapy with established
osteoporosis, i.e., bone mineral density (BMD) levels at the lumbar
spine below —2.5 SD of the mean peak value in young adults
(T score). The mean daily dose of GC was 9.0 mg prednisolone
equivalents in the alfacalcidol group and 8.7 mg in the vitamin Ds
group. The mean duration of GC treatment was 4.4 years in both
groups. Patients with three underlying diseases were enrolled:
chronic obstructive pulmonary disease, rheumatoid arthritis, and
polymyalgia rheumatica. They were grouped in matched pairs as
judged by baseline variables and assigned randomly to receive

either 1 ug of alfacalcidol! plus 500 mg of calcium (n=103) or
1000 TU of vitamin D3 plus 500 mg of calcium (n=101) for
3 years.

The BMD was measured at onset and 12, 24, and 36 months by
a technician blind to the therapy with dual X-ray absorptiometry
(DXA) (Lunar, Madison, Wis., USA) at the lumbar spine (L2-4)
and femoral neck. Lateral X-ray studies of the thoracic and lumbar
spine were performed at onset and each year thereafter. Prevalent
or new vertebral fracture was diagnosed by an independent radi-
ologist (blind to the therapy) at vertebrae with 20% or more loss of
anterior, median, or posterior height. Routine laboratory examin-
ations were carried out at 6-month intervals, and patients were
interviewed for adverse events and back pain.

Statistical analysis

Efficacy criteria

Efficacy criteria were BMD (lumbar spine and neck of femur),
3-year rate of patients with at least one new fracture (vertebral,
nonvertebral, and both combined), and back pain (rating scale:
0=none, 1=mild, 2=moderate, and 3=severe). Other criteria
were evaluated but are not the subject of this report.

Operationalization of efficacy criteria

The criterion BMD of lumbar spine and of neck of femur was
evaluated as percentage of change from baseline. As the criterion
back pain rating includes “0” values, change from baseline was
used in this case. Missing values were substituted by the Last Value
Carried Forward technique.

For data evaluation of fractures, the 3-year rate of new frac-
tures was used. For patients who discontinued the study, the rate of
fractures over 3 years was extrapolated, based on the rate while still
participating in the study (so that a constant fracture risk in the
course of time was assumed).

Methods of analysis

For comparison of treatments at baseline and different time points,
a generalized Wilcoxon-Mann-Whitney procedure according to Wei
and Lachin was used [33, 34, 35]. This procedure may be performed
either as an Omnibus test without direction (used for baseline data)
or as a directional test, with specification of a common direction of
interest (improvement). The difference between groups can be
quantified using the Mann-Whitney estimator and its confidence
interval (CI) [36]. The Mann-Whitney (MW) statistic is interpreted
as: 0.50 no difference, 0.44-0.56 small difference, 0.36-0.64 medium
difference, and 0.29-0.71 large difference.

Concerning the 3-year rates of patients with at least one new
fracture (vertebral and nonvertebral fractures or both combined),
cross-tabulations with analysis for 2x2 tables were performed
(relative risk, risk reduction). For underlying disease, additional
analysis was performed to adjust results for confounding potentials
with the Cox-Mantel test. All analyses were performed with the
Testimate version 6.0.19 and SmarTest version 1.2 (idv, Gauting,
Germany) validated software packages.

Results
Subject characteristics

Initially, 103 patients were assigned to the alfacalcidol
group and 101 to the vitamin D group. As shown in
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Table 1, treatment groups were well matched with
regard to mean age, sex, mean height and weight,
mean daily dose, duration of GC therapy, and per-
centages of the three underlying diseases. The mean
initial BMD T-score values at the lumbar spine for the
two groups were —3.26 (alfacalcidol) and —3.25 (vita-
min Dj) and, at the femoral neck, —2.81 and -2.84
SD, respectively (Table 1). Baseline characteristics for
fracture status and bone pain did not differ substan-
tially between the treatment groups. The baseline test
for homogeneity resulted in Mann-Whitney estimators
between 0.4864 (height) and 0.5299 (lumbar spine
BMD), so that only trivial group differences were
found.

A total of 89 patients in the alfacalcidol group
(86.4%) and 88 in the vitamin D group (87.1%)
completed treatment normally after 36 months. There
were only trivial differences between both groups
with respect to reasons for discontinuing treatment
(Table 2).
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Bone mineral density

At the lumbar spine, gains in BMD were observed in
both treatment groups after 12 months (Fig. 1). How-
ever, while median percentage gain in BMD continued
to increase moderately in the alfacalcidol group during
the course of the study (+2.4% at the end), the initial
increase in the vitamin D group was neutralized by
subsequent loss at months 12 and 24, which remained
almost steady until the end of the study (-0.8% at
36 months). The Wilcoxon-Mann-Whitney directional
test for the criterion “percent change from baseline”
showed a noticeable superiority of alfacalcidol at month
12 and a great superiority at months 24 and 36 (month
36: MW score 0.8675, 95% CI 0.7806-0.9543,
P <0.0001). Concerning BMD at the femur neck, no
noteworthy median change was observed in the vitamin
D group (+0.8% at the end of the study). There was a
steady gain in BMD until month 12 and between months
24 and 36 (+1.2% at the end of the study) (Fig. 2),

Table 1 Baseline characteristics
of patients. There was no

Alfacalcidol (n=103)  Vitamin D3 (n=101)

significant difference between

groups in any criterion Male/female

Table 2 Reasons for

Mean age in years (SD)
Mean weight in kg (SD)
Mean height in cm (SD)
Underlying disease

Cold

Rheumatoid arthritis

Polymyalgia rheumatica
Median duration of glucocorticoid therapy (years)
Median daily clucocordicoid dose (mg)
Mean BMD, T score (SD)

Lumbar spine
Femur neck
Previous vertebral fractures

N patients with fractures
Average n fractures per patient
Previous nonvertebral fractures

N patients with fractures
Average n fractures per patient

38/65 36/65

60.1 (9.78) 60.3 (9.91)
64.2 (9.74) 64.3 (9.44)
164.5 (8.74) 164.7 (7.82)

53 (51.5%)
30 (29.1%)
20 (19.4%)
3.0
8.0

-3.26 (0.57)
-2.81(0.73)

54 (52.4%)
1.4

34 (33.0%)
0.5

52 (51.5%)
27 (26.7%)
22 (21.8%)
3.0
7.5

~3.25 (0.39)
~2.84 (0.58)

52 (51.5%)
1.2

33 (32.7%)
0.5

Vitamin D3 (n=101)

discontinuation Alfacalcidol (n=103)
Discontinued by family doctor 5
Personal reasons 1
Poor compliance 1
Failure to attend 1
Cessation of complaints 2
GC discontinued 1
Lost for follow-up 1
Adjustment of therapy 0
Adverse effect 1
Concomitant disease 0
Death 2 (cor pulmonale caused

by severe angina, stroke)

Total 15 (14.5%)

—Oo O~ O — N A

2 (status asthmaticus,

stroke)
14 (13.8%)
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denoting a moderate superiority of alfacalcidol at the
end of the study (MW score 0.6394, 95% CI 0.5596—
0.7193, P<0.006). Stratified analysis of the BMD
measurements with respect to the underlying diseases
indicated the same treatment effect as the unstratified
analysis.

Fracture rate

A total of 35 out of 204 patients had one or more ver-
tebral fractures. At the end of the study, the numbers of
new vertebral fractures were 16 in ten patients in the
alfacalcidol group and 35 for 25 patients in the vitamin
D group. The 3-year rates of patients with at least one
new vertebral fracture were 9.7% for the alfacalcidol
group and 24.8% for the vitamin D group (risk reduc-
tion 0.39, 95% CI 0.20-0.76, and P=0.005 vs risk
reduction 0.61, 95% CI 0.24-0.81, and P=0.005,
respectively) (Fig. 3).

The 3-year rates of patients with at least one new
nonvertebral fracture were 14.6% in the alfacalcidol
group and 24.8% in the vitamin D group (risk reduction
0.59 and 95% CI 0.32-1.06 vs risk reduction 0.41 and

95% CI 0.06-0.68, respectively) (P=0.081). The differ-
ence was not statistically significant, even in a descriptive
sense, which might have been caused by the small sample
size.

At the end of the study, the numbers of new fractures
of any kind were 32 in 20 patients in the alfacalcidol
group and 68 in 41 patients in the vitamin D group. The
3-year rates of patients with at least one new fracture
were 19.4% for the alfacalcidol group and 40.6% for
those treated with plain vitamin D and calcium (risk
reduction 0.48, 95% CI 0.20-0.75, and P=0.001 vs risk
reduction 0.52, 95% CI 0.25-0.71, and P=0.001,
respectively) (Fig. 4).

Back pain

At 36 months, back pain showed mean decreases of 1.7
points in the alfacalcidol group and 0.8 points in the
vitamin D group (Fig. 5). This effect was not significant
for the vitamin D group. Concerning the percentage
change from baseline, a large superiority of alfacalcidol
was demonstrated with the Mann-Whitney test after
both 2 and 3 years (month 24: MW score 0.7244, 95%

Fig. 1 Bone mineral density of +4
the lumbar spine (percentage
change from baseline) v E Vitamin D3 Global directional test: P < 0.0001
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Fig. 2 Bone mineral density of +3

femur neck (percentage change
from baseline)

% Change BMD

Global directional test: P < 0.003

Month 0

Month 12 Month 24 Month 36
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Fig. 3 Three-year rate of 40 - % of Patients
patients with at least one new 1 P = 0.005 (95 % Confidence Interval)
vertebral fracture 351 Data Set: Intention to treat (ITT)
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Fig. 4 Three-year rate of 55 % of Patients
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fractures 45 7 Alfacalcidol vs. Vitamin D3
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CI 0.6523-0.7965, and P<0.001 vs month 36: MW
0.7395, 95% CI 0.6683-0.8108, and P <0.001, respec-
tively).

Side effects

There were no relevant differences in frequency, type,
or severity of side effects between treatment groups

(Table 3). Generally, all side effects were mild to
moderate. Epigastric discomfort was the most frequent
adverse effect, which was supposed to be related mainly
to the calcium supplementation. Three patients in the
alfacalcidol group and two in the vitamin D group had
moderate hypercalcemia. One alfacalcidol patient
dropped out due to hypercalcemia, i.e., a treatment-
related adverse event. Four patients died during the
course of the study (two in each group) based on

Fig. 5 Average back pain 2.5
(mean score of change from
baseline)

2 —

1.5 -

Mean Back Pain Score

0.5

E Vitamin D3
E Alfacalcidol

Global directional test: P < 0.0001

Month 0

Month 12 Month 24 Month 36
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Table 3 Adverse events. There was no significant difference be-
tween groups in frequency or type of events

Alfacalcidol
(n=103)

Vitamin D3
(n=101)

w
~

Epigastric discomfort
Constipation
Diarrhea

Nausea

Headache

Arthralgia
Hypercalcuria
Hypercalcemia

Total

LW LW W N W L DN WL —

o]
W — — O\ NN —

Q3

intercurrent diseases most likely unrelated to the study
drugs (two of stroke, one of cor pulmonale, and one of
status asthmaticus).

Discussion

Plain vitamin D is active only in patients with vitamin D
deficiency. This could explain the effect on vertebral
BMD in the first 12 months. Alfacalcidol, a prodrug of
the D-hormone calcitriol, is a pharmacologically active
antiosteoporotic drug which works independently of
vitamin D status [14]. D-hormone analogs such as al-
facalcidol and calcitriol have been demonstrated to be
useful in the therapy of GIOP. All clinical studies with
these agents in GIOP have shown an increase or
stabilization of BMD in comparison to control groups.

Some studies looking at prevention of GIOP by al-
facalcidol in patients with different underlying diseases
demonstrated an inhibition of bone loss, even for very
high doses of GC [8, 9]. Van Cleemput et al. investigated
the relative efficacies of alfacalcidol and etidronate in
patients after cardiac transplantation under therapy with
GC and cyclosporine A. They showed better efficacy on
BMD in the alfacalcidol group at both the lumbar spine
and the femoral neck than in the etidronate group. More
fractures were found in the etidronate group [7]. This
result has to be interpreted with caution, as only very
few fractures had occurred. Similar results were
obtained in a more recent study of patients with cardiac
or lung transplants [11], and calcitriol reduced signifi-
cantly the number of vertebral fractures.

The prevention of bone loss after cardiac transplan-
tation was recently shown in a l-year, prospective,
randomized, double-masked, clinical trial comparing
0.5 pg calcitriol and 10 mg alendronate daily with a
nonrandomized untreated control group. Bone loss was
minimal and did not differ between the calcitriol and
alendronate groups, but both sustained significantly less
than the control group [15].

Taken together, there is very good evidence that
treatment with D-hormone analogs is able to maintain

bone mass also in patients with very high dosages of GC.
This fact was taken into consideration in the guidelines
of the American College of Rheumatology [16] and
confirmed by a new meta-analysis [17].

While there is ample evidence that alfalcalcidol and
calcitriol are effective in reducing vertebral and non-
vertebral fracture incidence in age-related and post-
menopausal osteoporosis [17, 18, 19, 20, 21], fracture
data for GIOP have largely been uninformative and
discrepant due to the relatively small sample sizes of the
respective studies.

Thus, the present study is the first one large enough
to evaluate statistically the effect of alfacalcidol not only
on BMD but also on fracture risk in patients with
established GIOP. The results corroborate previous
findings that alfacalcidol is capable of significantly
increasing the BMD in both lumbar spine and femoral
neck in comparison to control groups. These results are
of special interest, because our control group received a
standard basic supplementation therapy with vitamin D
and calcium. Alfacalcidol treatment led to significant
reductions of 61% in vertebral fractures and 52% in all
fractures, vertebral and nonvertebral combined, in
comparison to the vitamin D group. The study patients
also had a 41% risk reduction for new nonvertebral
fractures, which is clinically relevant but statistically not
significant.

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 than with vitamin D. It is not clear whether
the advantageous symptomatic efficacy is only related to
the lower vertebral fracture rate or if special effects on
muscle metabolism [22] and/or the immune system [3]
are involved. Although the vitamin D dose of 1000 TU
used in this study is a well-established standard supple-
mentation in osteoporosis management, it might be
argued that this amount was too low for the agent to
exert fully its antiosteoporotic potential. However, an-
other study on GIOP has shown no therapeutic efficacy
with vitamin D doses as high as 7,000 IU per day [12].
An interesting question is why the two agents differ so
strongly in their antiosteoporotic potency although they
share the same active metabolite, the D-hormone.

It has to be considered, though, that the bioactivation
of native vitamin D requires renal la-hydroxylation. In
contrast to the preceding 25-hydroxylation in the liver,
this enzymatic metabolization is a tightly regulated
process similar to that associated with the metabolism of
other steroidal hormones. While native vitamin D has to
undergo this enzymatic activation step, the preactivated
metabolites alfacalcidol and calcitriol are already
hydroxylated at the la-position. Moreover, recent re-
search has shown that GCs reduce the amount of
D-hormone receptors on effector cells, thereby decreas-
ing de facto the activity of this hormone. Interestingly,
this effect might still be aggravated in chronic inflam-
matory diseases, where high levels of circulating proin-
flammatory cytokines such as tumor necrosis factor



(TNF)-a or interleukins (IL)-1, -6, and -12 prevail in
target tissues or serum. Experimental data suggest that
TNF-a inhibits renal 1-alpha-hydroxylase [23]. This is in
accordance with clinical findings that inflammatory
diseases are associated with low serum calcitriol levels
[24, 25], depending on disease activity [24].

There is general consensus that the above cytokines
induce bone resorption and also interfere with bone
formation. Tumor necrosis factor o promotes apoptosis
of osteoblasts, and D-hormone is able to protect against
TNF-a-induced cell death. This mode of action has been
demonstrated in vivo in an inflammation-mediated ani-
mal osteopenia model that simulated bone loss in
rheumatoid arthritis [26]. D-hormone analogs have im-
munoregulating properties, inducing cytokine homeo-
stasis, decreasing T helper cells, and increasing
suppressor cells [1, 3]. In clinical pilot studies, it has been
shown that alfacalcidol decreases TNF-o and IL-6
serum levels and increases IL-4 serum levels [5, 6]. In a
study comparing the efficacy of alfacalcidol and plain
vitamin D on bone metabolism, muscle function, joint
pain, and cytokine levels, it has been clearly shown that
the former significantly improves muscle strength in
comparison to plain vitamin D [6].

In GC/inflammation-induced osteoporosis, the frac-
ture risk is higher than expected by the loss of BMD,
because early destruction of the trabecular architecture
occurs, e.g., a decrease in bone quality and bone
strength. In animal trials, it has been shown that alfa-
calcidol increases bone strength more effectively than
plain vitamin D [27]. In conclusion, there are several
potential reasons for the superiority of alfacalcidol 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 from
antiosteoporotic treatment with bisphosphonates such
as alendronate and risedronate, the changes in BMD in
this study appear rather small. On the other hand, the
rates of fracture reduction differ considerably between
the treatment groups, at least when vertebral fractures
or the combined data of all fractures are considered. The
risk reduction of 61% observed for alfacalciol in verte-
bral fractures is in the range of results found with
bisphosphonate treatment of GIOP [28, 29] in which the
specific drugs were also compared with combined vita-
min D and calcium therapy. This paradox of relatively
small increase in BMD and higher reduction of fracture
incidence was discussed already in a recent study on
raloxifene [30]. In that elegant statistical analysis of a
large study on postmenopausal osteoporosis, the extent
of treatment-associated changes in BMD accounted for
only 4% of the observed vertebral fracture risk reduc-
tion. The change in BMD seems to be a poor predictor
of fracture outcome for raloxifene and alfacalcidol.
Protection against further destruction of the trabecular
microarchitecture by the regulation of increased bone
remodeling and resorption and improvement of bone
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quality and therefore strength are more important for
fracture prevention, especially in GIOP.

Our study shows alfacalcidol to be an efficient agent
in the therapy of GIOP. It was superior to vitamin D in
terms of bone mass gain and fracture risk reduction. The
controversy concerning treatment with alfacalc-
idol—greater cost—is answered: plain vitamin D is
definitely insufficient for the management of GIOP.

Bisphosphonates are very effective in preserving
BMD and preventing fractures. However, oral bis-
phosphonates may have gastrointestinal side effects,
especially in combination with nonsteroidal anti-
inflammatory drugs, and the long-term efficacy and
safety of bisphosphonates remain an open issue. In
addition, that treatment is much more expensive than
with alfacalcidol. D-hormone analogs might be inter-
esting candidates for combination with bisphosphonates
or selective estrogen receptor modulators such as
raloxifene, since in animal studies it has been proven
that the key factor in GIOP, e.g., reduced bone quality,
could be significantly improved by a combined therapy
[31, 32].

Due to its pleiotropic efficacy on bone, muscles, and
the immune system and its excellent tolerability, long-
term safety, simple and patient-friendly mode of
administration (which all promote long-term patient
compliance), and moderate daily costs, physiological
alfacalcidol is an important treatment option in patients
with GC/inflammation-induced osteoporosis.
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