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Abstract

Objective Vitamin D deficiency is widespread and often
reported in subjects treated for osteoporosis. Optimal vita-
min D repletion was previously shown to maximize the
efficacy of anti-resorptive agents. To date, no information
exists about the role of vitamin D in the response to stron-
tium ranelate (SrR) treatment. The aim of our study was to
investigate the BMD response to SrR in accordance with
change of vitamin D status.

Methods A retrospective analysis of 108 women receiv-
ing StR for postmenopausal osteoporosis was carried out.
Women were treated with SrR (2 g/day), with cholecal-
ciferol (25,000 IU biweekly) and calcium carbonate as
appropriate. Lumbar spine and femoral neck BMD, bone
formation markers (BGP, ALP), resorption marker (OH-
PRO) and serum 25(OH)D were measured at baseline after
18-months. All participants were divided into two groups
according to the median variation of 25(OH)D over the
observation period.

Results SrR was associated with improvement of BMD
at lumbar spine (p < 0.0001) and to a non significant
variation at femoral neck (p = 0.2). Only subjects with
A25(0H)D > 6.14 %, reported a significant BMD gain
at femoral neck (p = 0.03). Change of BMD at femoral
neck was positively associated with modification of ALP
(r = 0.28, p = 0.01). This association was not maintained
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when considering only women with A25(OH)D < 6.14 %
(r = 0.28, p = 0.09). At a multiple regression analysis,
ALP change was the only predictor of femoral neck BMD
modification (8 0.13; SE 0.05; p = 0.01).

Conclusion Improvement of vitamin D status was associ-
ated with enhancement of BMD response to SR in women
with postmenopausal osteoporosis, in particular, at femoral
neck.

Keywords Vitamin D - Strontium ranelate - Bone mineral
density - Osteoporosis - Postmenopausal - Bone turn-over

Introduction

Vitamin D deficiency is a common condition among elderly
subjects, particularly in Southern European countries [1].
Although there is no consensus on optimal serum levels of
25(OH)D, most experts consider a 25(OH)D level less than
20 ng/mL to be indicative of vitamin D deficiency. 25(OH)
D levels are inversely associated with PTH levels until the
former reach 30-40 ng/mL, then PTH begins to level off;
thus, 25(OH)D levels of 21-29 ng/mL can be considered
to indicate a relative insufficiency of vitamin D, and a level
greater than 30 ng/mL can be indicative of sufficient vita-
min D [2-6]. It was previously reported that more than
50 % of postmenopausal women taking medication for
osteoporosis had 25(OH)D levels below 30 ng/mL [4]. Low
25(OH)D levels affect bone metabolism through osteo-
clastic bone resorption and bone loss induced by enhanced
PTH secretion, but also negatively impact on muscle mass
and function [4, 7]. Vitamin D deficiency has been associ-
ated with an increased risk of falls, because of impaired
muscle function, this contributing, at least in part, to the
development of osteoporotic fractures [1-7]. Maintenance
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of optimal calcium intake and vitamin D status are required
for optimal therapeutic efficacy of bisphosphonates, the
most commonly used drugs for the treatment of osteopo-
rosis. An inverse association between vitamin D repletion
and the changes in BMD at both the spine and the hip after
treatment with anti-resorbers was reported [8, 9].

Strontium ranelate (SrR) is a current treatment option
for postmenopausal and male osteoporosis [10-12]. It has
been proposed that SrR acts by simultaneously promoting
bone formation and inhibiting bone resorption, leading to
a gain of BMD, an increase of bone strength and finally, a
fracture risk reduction [10-13].

In randomized clinical trials designed to assess the effi-
cacy of SrR in decreasing fracture risk, recruited postmen-
opausal women used calcium and vitamin D supplements
as adjunctive therapy [10, 11]. Several guidelines recom-
mend guaranteeing a good intake of calcium and vitamin
D in subjects treated for osteoporosis. In a clinical setting
of postmenopausal women with established osteoporosis,
an inadequate clinical response to anti-resorptive agents
was associated to poorer treatment compliance and a less
frequent co-administration of calcium and vitamin D sup-
plements [14]. To date, it is not known whether improv-
ing vitamin D status could enhance the efficacy of StR in
term of BMD, thus the aim of our study was to address this
issue.

Methods

We carried out a retrospective analysis of 108 patients
selected from women attending the Outpatients Clinic for
Osteoporosis in the Department of Clinical and Experi-
mental Medicine of the University Hospital of Messina.
Study subjects were osteoporotic postmenopausal women
with evidence of prevalent clinical or morphometric ver-
tebral fractures that were treated with SrR. Women were
excluded if they had steroid use or medical conditions
associated with bone loss, including renal disease (creati-
nine clearance <30 mL/min), active malignancy, hyperpar-
athyroidism, and malabsorption syndromes; women with
an adherence to SrR treatment <80 % checked by count of
sachets or women lost to follow-up were not considered in
this analysis. Previous oral or intramuscular treatment with
BPs was not an exclusion criterion, whether BPs had been
suspended more than six months prior to the administration
of StR.

All subjects received treatment with StR 2 g once a day
at bedtime (2 h after food) and vitamin D (cholecalciferol
25,000 IU biweekly). Subjects with an estimated poor cal-
cium intake were supplied with calcium carbonate (500-
1000 mg, daily) to reach the recommended daily allowance
of calcium.
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BMD was assessed by a dual-energy X-ray absorptiom-
etry (DXA) densitometer (Hologic 4500 QDR) at the lum-
bar spine (L1-L4) in AP projection and at the femoral neck.
DXA densitometer was calibrated on a daily basis accord-
ing to the manufacturer’s instruction and its coefficient of
variation (CV) was 0.5 % with the standard phantom. BMD
measurement was obtained before SrR treatment and then
was repeated after 18 months. Bone formation markers,
such as serum osteocalcin (BGP) and alkaline phosphatase
(ALP), and urinary hydroxyproline (OH-PRO) as resorp-
tion marker, were assessed before and after SrR treatment
in all the subjects considered. Serum 25(OH)D, calcium,
phosphorus, creatinine were also measured.

25(OH)D and urine OH-PRO were determined by high-
performance liquid chromatography (Bio-Rad Labora-
tories); BGP was measured by immunoenzymatic assay
(Invitrogen Ltd, UK) with an intra-assay coefficient of vari-
ance (CV) of 3.1 % and inter-assay CV of 3.5 %. Calcium,
phosphorus, ALP and creatinine were measured by routine
procedures. All participants were considered together and
then divided into two groups according to the median vari-
ation of serum 25(OH)D. The research was conducted in
accordance with the ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments. For
this retrospective study, formal consent was not required.

Statistical analyses were performed using MedCalc soft-
ware (version 10.2.0.0; MedCalc Software, Mariakerke,
Belgium). The Kolmogorov—Smirnov test for normality
was used to assess the distribution of the data. Values were
expressed as mean £+ SD or median (interquartile range).
Comparisons between groups were performed by unpaired
t test or Mann—Whitney test, and within-group comparisons
were determined with a paired ¢ test or Wilcoxon matched
rank sum test for paired data as appropriate. The Spearman
correlation coefficient rho was calculated to evaluate the
correlation between variables, and multiple regression was
performed to analyze the relationship between a dependent
variable and one or more predictor variables. For all tests, a
p value <0.05 was considered to indicate statistical signifi-
cance. All reported p values were two-sided.

Results

At baseline, the study population (age 59.68 + 8.65 years;
time since menopause 8.62 =+ 2.46 years; BMI
24.8 4+ 3.8 kg/m?) showed sufficient serum levels of
25(OH)D (Table 1). Treatment with SrR was associated
with an improvement of BMD at lumbar spine (p < 0.0001)
and with minor non significant gain of BMD at femoral
neck (p = 0.2) in comparison to baseline. After 18 months,
modifications of bone turnover markers were observed,
with a slight, not significant, reduction of OH-PRO
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(p = 0.22) and a significant increase of BGP (p < 0.0001),
ALP (p = 0.008). At the same time, levels of 25(OH)D
rose in comparison to baseline (p = 0.01). In accordance
with the median percent modification of 25(OH)D over
the observation period (6.14 %), the entire population was
divided into two groups (with 25(OH)D variation > or < of
6.14 %) (Table 2). Age, time since menopause, BMI, smok-
ing and alcohol habit, as well as number and severity of
prevalent vertebral fractures were not significantly differ-
ent between the two groups (data not shown). Subjects with
the 25(OH)D variation greater than 6.14 % reported a sig-
nificant increase of BMD at both lumbar spine (p = 0.01)
and femoral neck (p = 0.03), whereas, subjects with the
25(OH)D variation lower than 6.14 % showed a significant
increase of only lumbar spine (p = 0.01), but not femoral
neck BMD (p = 0.30). Percent modification of BMD was
related to variation of 25(OH)D levels at femoral neck site,

Table 1 Main laboratory and densitometric characteristics of our
cohort at baseline and after exposure to strontium ranelate

Baseline (n = 104) Month 18 (n = 104)p values

Creatinine (mg/dL) 0.78 £ 0.14 0.77 £ 0.16 0.88

Corrected calcium  9.12 £+ 0.47 9.16 £ 0.45 0.59
(mg/dL)

Phosphorus (mg/dL)3.72 + 0.53 3.86 £ 0.55 0.89

25(0OH)D (ng/mL) 40.37 4+ 22.59 46.96 £+ 19.21 0.01

BGP (ng/mL) 5(3.1-9) 12.75 (9.79-15.9) <0.0001

ALP (U/L) 67 (64-78) 69 (58-92) 0.008

OH-PRO (mg/L)  17.5(15.03-20.77) 17 (15-18.92) 0.22

Lumbar spine BMD 0.81 + 0.11 0.88 +0.11 <0.0001
(g/cmz)

Femoral neck BMD 0.62 £ 0.09 0.63 £+ 0.09 0.02
(g/cm®)

Data are reported as mean & SD or median (IQR) as appropriate

and women with 25(OH)D variation greater than 6.14 %
reported the highest femoral neck BMD gain in compari-
son to subjects with 25(OH)D variation lower than 6.14 %
[52 % (0.2-8.3) vs. 1.5 % (—1.5 to 6), respectively]
(Fig. 1). In both groups, subjects previously exposed to
BPs (56 and 52 % among women with 25(OH)D variation
greater than 6.14 % and lower than 6.14 %, respectively)
exhibited a BMD gain not significantly different in com-
parison to subjects not exposed to BPs.

In the overall population, the variation of BMD at
femoral neck was positively associated to modification
of ALP (r = 0.28, p = 0.01). This association was main-
tained in the group of subjects with the variation of 25(OH)
D > 6.14 % (r = 0.33, p = 0.04), but not in subjects with
25(0H)D < 6.14 % (r = 0.287, p = 0.09). At a multiple
regression analysis, ALP variation over time was the only
predictor of femoral neck modification even after correct-
ing for age, BMI, and modification of BGP and OH-PRO
levels (8 0.13; SE 0.05; p = 0.01).

Treatment with SR associated with vitamin D and cal-
cium was well-tolerated and no adverse events, including
clinical fractures or cardiovascular disorders, were reported
during the observation period.

Discussion

This study highlights for the first time the role of vitamin D
status in the enhancement of efficacy of SrR treatment in a
clinical setting. Our findings suggest that women improv-
ing their vitamin D status, as measured by 25(OH)D serum
levels, show a more relevant gain of BMD both at lumbar
spine and at femoral neck.

BMD is a surrogate marker of bone strength and a large
percentage of the anti fracture efficacy observed with anti-
osteoporotic drugs can be explained by changes in BMD

Table 2 Characteristics of women at baseline and after strontium ranelate by considering the variation (A) of 25(OH)D

A 25(OH)D > 6.14 % p values A 25(OH)D < 6.14 % p values

(n=54) (n=54)

Baseline Month 18 Baseline Month 18
Creatinine (mg/dL) 0.77 £0.13 0.78 £0.15 0.72 0.75 £0.16 0.76 £0.14 0.68
Corrected calcium (mg/dL) 9.21 £ 0.45 9.18 £ 0.44 0.66 9.01 £ 0.47 9.11 £0.42 0.17
Phosphorus (mg/dL) 3.72 £0.53 3.72 £ 0.53 0.89 3.86 £ 0.55 3.86 + 0.55 0.89
25(0OH)D (ng/mL) 31.02 £ 12.36 57.19 £ 20.01 <0.0001 56.38 £ 20.17 37.75 £ 12.8 <0.0001
BGP(ng/mL) 4.7 (3.1-7.4) 12.4 (4.4-18.8) <0.0001 5.7 (2.6-10.3) 13.9 (9.7-16.7) 0.0001
ALP (U/L) 67 (53.5-89.5) 67 (57.5-97) 0.2 65 (64.7-78) 70 (58-85.2) 0.06
OH-PRO (mg/L) 15 (10.8-24.1) 17.4 (13-22) 0.9 19.7 (14.5-27.6) 17 (13.25-24) 0.22
Lumbar spine BMD (g/cm?) 0.81 £0.12 0.83 £0.11 0.01 0.82 £0.10 0.84 £0.10 0.01
Femoral neck BMD (g/cm?) 0.60 £ 0.11 0.62 £+ 0.09 0.03 0.64 £+ 0.07 0.65 £ 0.08 0.30

Data are reported as mean &+ SD or median (IQR) as appropriate
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Fig. 1 Percent variations of lumbar spine (a) and femoral neck BMD
(b) in postmenopausal women treated with SrR according to modifi-
cation of 25(OH)D levels. Data are expressed as median

[15]. An analysis of data from the SOTI and TROPOS trials
provided that increases in BMD obtained with SrR trans-
lated into reduced fracture risk, and each percentage point
increase in femoral neck BMD was associated with a 3 %
reduction in risk of new vertebral fracture [16, 17].

As known, vitamin D is able to reduce fracture risk pos-
sibly through a reduction in fall risk. This ability of vita-
min D could be associated with improvement of muscle
function, but also with positive effects on cognitive func-
tion that have been previously shown to be a risk factor for
falling, at least in elderly women [18]. Fracture risk reduc-
tion obtained by vitamin D administration was estimated to
yield cost savings through reduction of hip fracture alone in
the first year [19].

Moreover, in a recent meta-analysis of 23 randomized
controlled trials of vitamin D with calcium or vitamin D
alone, Reid et al. [20] found a small but significant posi-
tive effect of the treatment on femoral neck BMD. The lat-
ter point is consistent with our data showing a more pro-
nounced effect of SR on femoral neck BMD in subjects
that improved their vitamin D status. Because calcium
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and strontium have common chemical features and are
absorbed by the same pathways, it could be speculated
that improving vitamin D status could affect calcium, but
also strontium intestinal absorption. Nevertheless, Vilaca T
et al. [21] have recently found no difference at a 4-h oral
strontium overload test, according to vitamin D status, and
vitamin D replacement in the deficient subjects was not
able to enhance strontium absorption.

The role of vitamin D in the medical management of
postmenopausal osteoporosis is otherwise highlighted
by inadequate response to BPs, which represent to date
the most prescribed drugs for osteoporosis [22]; indeed,
patients classified as inadequate responders to BPs treat-
ment, by BMD loss or the development of fractures, pre-
sented significantly lower levels of 25(OH)D despite vita-
min D supplementation, and maintenance of 25(OH)D
serum levels higher than 30 ng/ml was claimed to obtain
adequate response to BPs [23].

Our data confirm that improving 25(OH)D level with
cholecalciferol administration is useful to optimize the
effects of StR on BMD. In accordance with these findings,
it was observed that a combination of SrR and alfacalcidol
improves bone quality to a greater extent than SrR alone,
reducing PTH levels significantly in patients with estab-
lished osteoporosis [24].

SrR treatment was well-tolerated in this study, and no
adverse events were recorded; in particular, no patients
reported any clinical fractures, or any type of cardio-
vascular diseases. In addition to the already known risk
of venous thromboembolism, the European Medicines
Agency has recently reported that SrR increases the risk
of myocardial infarction in postmenopausal women [25].
A growing body of evidence suggests that vitamin D defi-
ciency may adversely affect the cardiovascular system
[26]; remarkably, in our study population, mean values of
25(OH)D were considered sufficient, and possibly have
preserved the cardiovascular health of patients, although
this research study was not aimed to look at cardiovascular
safety.

Limitations of our research are the retrospective design,
the lack of quantitative information on physical activ-
ity and the overall health status of patients, the inclusion
of only patients who did return for a follow-up visit, and
the use of OH-PRO that is not a specific bone resorption
marker. Moreover, the sample size is small and the obser-
vation period is not long enough to account for fractures.
However, our findings came from real life and this is the
first time that modification of vitamin D status has been
reported to affect the BMD response to SrR.

In conclusion, our results show that in postmenopausal
women with severe osteoporosis, the magnitude of BMD
gain with SrR may depend, at least in part, on the modifica-
tion of vitamin D status.
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